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5LDVVXQWR 
 
4XHVWDWHVLVLSURSRQHO¶RELHWWLYRGLDQDOL]]DUHJOLHIIHWWLGLGLIIHUHQWLWHFQLFKHGLODYRUD]LRQH
GHOWHUUHQRVXOFRQWHQXWRLGULFRQHOVXRORQHOODFROWXUDGHOPDLV=HDPD\V//HSURYHVL
VRQRVYROWHSUHVVRO¶D]LHQGDDJULFROD³6DVVH5DPL´GL9HQHWR$JULFROWXUDXELFDWDQHOFRPXQH
GL&HUHJQDQRLQSURYLQFLDGL5RYLJR/HWLSRORJLHGLODYRUD]LRQHSUHVHLQHVDPHVRQRTXHOOD
FRQYHQ]LRQDOH&RQYHQWLRQDO7LOODJHODPLQLPDODYRUD]LRQH0LQLPXP7LOODJHHODVHPLQD
VX VRGR 1R 7LOODJH Negli  appezzamenti  oggetto  di  studio,  dal  mese  di  aprile  e  fino  a 
settembre  2011,  si  sono  installate  nove  sonde  (modello  ENVIROSCAN  PLUS)    per  il 
monitoraggio  del  contenuto  idrico  nel  suolo.  $FFDQWR DOOH VRQGH VRQR VWDWL SUHOHYDWL GHL
FDPSLRQLLQGLVWXUEDWLGLWHUUHQRSHUODGHWHUPLQD]LRQHGHOODWHVVLWXUDHGHOOHULVSHWWLYHFXUYHGL
ULWHQ]LRQH LGULFD 'XUDQWH OD VWDJLRQH FROWXUDOH VHPSUH LQ SURVVLPLWj GHOOH VRQGH VL VRQR
VYROWHGHOOHSURYHGLLQILOWUD]LRQHLQROWUHVLqPRQLWRUDWRORVYLOXSSRGHOODFROWXUDUHJLVWUDQGR
ODWHPSLVWLFDGHOOHGLYHUVHIDVLIHQRORJLFKHDOILQHGLFRQIURQWDUHLSHULRGLGLVWUHVVWUDOH
GLYHUVHWHVLLQIXQ]LRQHGHOOHIDVHIHQRORJLFDGLVYLOXSSRDQ]LFKpLQIXQ]LRQHGHLVHPSOLFL
JLRUQLGLFDOHQGDULR 
,ULVXOWDWLUHODWLYLDOO¶DQDOLVLGHOODJUDQXORPHWULDPRVWUDQRXQDSUHYDOHQ]DGHOODFRPSRQHQWH
OLPRVDHDUJLOORVDQHOOHWHVL&7H07PHQWUHQHOODWHVL17SUHYDOHODVDEELDHO¶DUJLOOD 
3HUTXDQWRULJXDUGDOHFXUYHGLXPLGLWjODFROWXUDGLPDLVRJJHWWRGLWHFQLFKHGLPLQLPD
ODYRUD]LRQH VHPEUD VLD TXHOOD FKH VYLOXSSL PHJOLR O¶DSSDUDWR UDGLFDOH H VIUXWWL LQ PRGR
RWWLPDOHODULVHUYDLGULFDGHOWHUUHQRLQSURIRQGLWj/DWHVL&7WHQGHDFRPSRUWDUVLVLPLOPHQWH
DOOD07WXWWDYLDDSSDUHXQSR¶OLPLWDWDGDOODSUHVHQ]DGHOODVXRODGLODYRUD]LRQH8QGLVFRUVR
XQSR¶GLYHUVRYDIDWWRSHUODWHVL17FKHROWUHDSUHVHQWDUHXQULWDUGRGLVYLOXSSRPDQLIHVWD
DVVRUELPHQWLPHGLDPHQWHSLULGRWWL 
, periodi di stress idrico hanno riguardato maggiormente la tesi MT VLDSHULQWHQVLWjYDORUL
DVVROXWL GL SRWHQ]LDOH LGULFR FKH SHU OH SURIRQGLWj LQWHUHVVDWH VHJXH SRL OD WHVL &7 FRQ
WHQVLRQLPLQRULPDFRPXQTXHEHQVXIILFLHQWLDGHWHUPLQDUHVLWXD]LRQLGLVWUHVVPHQWUHODWHVL
17DSSDUHVYLOXSSDUVLFRQXQDGRWD]LRQHLGULFDTXDVLVHPSUHRWWLPDOH 
,SHULRGLVLFFLWRVLLQWHUHVVDQROHIDVLIHQRORJLFKHGLILRULWXUDHGLPDWXUD]LRQHGHOODJUDQHOOD
3HUTXDQWRFRQFHUQHOHSURGX]LRQLXQLWDULHGLJUDQHOODJVVSLDQWDLOYDORUHPHGLRSLDOWRq
VWDWRUHJLVWUDWRQHOODWHVL07DOVHFRQGRSRVWRVLFROORFDODWHVL&7FRQXQYDORUHOHJJHUPHQWH
LQIHULRUHPDQRQVLJQLILFDWLYDPHQWHPHQWUHSHUODWHVL17VLUHJLVWUDQRSURGX]LRQLXQLWDULH
FRQVLGHUHYROPHQWHSLEDVVHULVSHWWRDOODWHVLSUHFHGHQWLOHWHVLFKHKDQQRULYHODWROHPLJOLRUL 
 
 
 
SURGX]LRQL WRWDOL WKD VV VRQR TXHOOH FRQGRWWH FRQ WHFQLFKH FRQYHQ]LRQDOL H GL PLQLPD
ODYRUD]LRQHPHQWUHDGLVFRVWDUVLPROWRGDTXHVWHSURGX]LRQLF¶qODWHVL17GRYHOHEDVVH
SHUIRUPDQFHSURGXWWLYHGHOOHSLDQWHVRQRDJJUDYDWHGDOEDVVRLQYHVWLPHQWRFROWXUDOHSUHVHQWH 
3HUTXDQWRULJXDUGDOHSURYHGLLQILOWUD]LRQHODWHVL07qTXHOODFKHSUHVHQWDODSLDOWD
YHORFLWj GL LQILOWUD]LRQH SUREDELOPHQWH JUD]LH DO WLSR GL ODYRUD]LRQL FKH JDUDQWLVFRQR XQD
EXRQDFRQQHVVLRQHWUDJOLVWUDWLVHJXHODWHVL17HSHUXOWLPDODWHVL&7 
9LVWLLULVXOWDWLSURGXWWLYLODPLQLPDODYRUD]LRQHULVXOWDHFRQRPLFDPHQWHFRQYHQLHQWHPHQWUH
ODQRQODYRUD]LRQHQRQRVWDQWHXQDULGX]LRQHSLDFFHQWXDWDGHLFRVWLQRQDSSDUHUHGGLWL]LDLQ
TXDQWRVLVRQRDYXWHHFFHVVLYHULGX]LRQLGLUHVD 
8OWHULRULSURYHVRQRWXWWRUDLQFRUVRSHUFDSLUHHPLJOLRUDUHLGLIHWWLGLTXHVWDWHFQLFDSHU
SURPXRYHUQHXQDPDJJLRUHGLIIXVLRQHFHUFDQGRGLFRQLXJDUHODVRVWHQLELOLWjHFRQRPLFDFRQOD
VRVWHQLELOLWjDPELHQWDOH 
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$EVWUDFW 
 
7KLVWKHVLVDLPVWRDQDO\]HWKHHIIHFWVRIGLIIHUHQWWLOODJHWHFKQLTXHVRQVRLOZDWHUFRQWHQWLQ
WKHFXOWLYDWLRQRIPDL]H=HDPD\V/7KHWHVWVZHUHFRQGXFWHGDWWKHIDUP³6DVVH5DPL´RI
9HQHWR $JULFROWXUD LQ SURYLQFH RI 5RYLJR ,WDO\ 7KH W\SHV RI WLOODJH FRQVLGHUHG DUH
&RQYHQWLRQDO 7LOODJH 0LQLPXP 7LOODJH DQG 1R 7LOODJH )RU HDFK WLOODJH IURP$SULO WR
6HSWHPEHUKDYHLQVWDOOHGQLQHSUREHVPRGHO(19,526&$13/86IRUWKHPRQLWRULQJ
ZDWHU VRLO FRQWHQW 1H[W WR WKH SUREHV ZHUH WDNHQ RI XQGLVWXUEHG VDPSOHV RI VRLO IRU
GHWHUPLQDWLRQWH[WXUHDQGWKHUHVSHFWLYHFXUYHVRIZDWHUUHWHQWLRQ'XULQJWKHGHYHORSPHQWRI
WKH PDL]H QHDU WKH SUREHV KDYH EHHQ FRQGXFWHG WULDOV RI LQILOWUDWLRQ DQG KDYH EHHQ
LQGLYLGXDWHGSHULRGVRIK\GULFVWUHVVUHODWHGDWWKHSKHQRORJLFDOSKDVHVRIWKHFURSXWLOLVLQJ
WKHGDWDRIKXPLGLW\RIWKHSUREHVDQGWKHFXUYHVRIUHWHQWLRQK\GULFIRUHDFKWLOODJH 
7KHUHVXOWVRIVRLOWH[WXUHDQDO\VLVVKRZVDSUHGRPLQDQFHRIVLOWDQGFOD\FRPSRQHQWLQWKHVLV
&7DQG07ZKLOHLQWKH17YLHZSUHYDLOVWKHVDQGDQGFOD\:LWKUHJDUGWRWKHFXUYHVRI
PRLVWXUH WKH PDL]H FXOWLYDWHG ZLWK WKH WHFKQLTXH RI PLQLPXP WLOODJH VKRZHG D EHWWHU
GHYHORSPHQWRIURRWVGHWHUPLQDWLQJDXWLOL]DWLRQPDMRURIK\GULFUHVRXUFHLQGHSWK7KH&7
WKHVLV WHQGV WR EHKDYH VLPLODUO\ WR WKH 07 KRZHYHU DSSHDUV VRPHZKDW 
OLPLWHG E\ WKH
SUHVHQFHOD\HURIFRPSDFWVRLOLQGHSWK$VSHHFKDOLWWOH
GLIIHUHQWPXVWEHGRQHIRUWKHWKHVLV
17ZKLFKLQDGGLWLRQWRSUHVHQWLQJDGHYHORSPHQWDOGHOD\RFFXUVRQDYHUDJHVPDOOHUZDWHU
DEVRUSWLRQ 7KH SHULRGV RI ZDWHU VWUHVV DUH PRUH FRQFHUQHG WKH WKHVLV 07 IRU LQWHQVLW\
DEVROXWHYDOXHVRIZDWHUSRWHQWLDODQGIRUWKHGHSWKVLQYROYHGIROORZVWKHWKHVLV&7ZLWK
ORZHUZDWHUSRWHQWLDOVEXWVWLOOZHOOHQRXJKWROHDGWRVLWXDWLRQVRIVWUHVVZKLOHWKHWKHVLV17
GHYHORSDZDWHUDOORFDWLRQLVDOPRVWDOZD\VRSWLPDO7KHGURXJKWDIIHFWLQJWKHSKHQRORJ\RI
IORZHULQJDQGULSHQLQJRIJUDLQ$VUHJDUGVWKHXQLWSURGXFWLRQRIJUDLQJ'03ODQWWKH
KLJKHVWDYHUDJHYDOXHZDVH[SUHVVHGLQWKHWKHVLV07WKHVHFRQGSODFHLVWKHWKHVLV&7ZLWKD
YDOXHVOLJKWO\OHVVWKDQEXWQRWVLJQLILFDQWO\ZKLOHIRUWKHWKHVLV17DUHUHJLVWHUHGSURGXFWLRQ
XQLW FRQVLGHUDEO\ ORZHU WKDQ WKH SUHYLRXV WKHVLV 7KH WKHVLV WKDW VKRZHG WKH EHVW WRWDO
SURGXFWLRQWKD'0DUHWKRVHSHUIRUPHGE\FRQYHQWLRQDODQGPLQLPXPWLOODJH7RGHYLDWH
PXFKIURPWKHVHSURGXFWLRQVWKHUHLVWKHWKHVLV17ZKHUHORZSURGXFWLRQSHUIRUPDQFHRIWKH
SODQWVDUHDJJUDYDWHGRIORZFROWXUHLQYHVWPHQW:LWKUHJDUGWRWKHWHVWVRILQILOWUDWLRQWKH
WKHVLV07LVWKHRQHWKDWKDVWKHKLJKHVWUDWHRILQILOWUDWLRQSUREDEO\GXHWRWKHW\SHRIWLOODJH
WKDWJXDUDQWHHDJRRGFRQQHFWLRQEHWZHHQWKHOD\HUVRIVRLOIROORZVWKHWKHVLV17DQGODVWIRU
WKH&7WKHVLV*LYHQWKHSURGXFWLRQUHVXOWVPLQLPXPWLOODJHLVHFRQRPLFDOO\JRRGZKLOHQR 
 
 
 
WLOODJHGHVSLWHDPRUHSURQRXQFHGUHGXFWLRQLQFRVWVLVQRWSURILWDEOHEHFDXVHWKHUHZHUH
H[FHVVLYH \LHOG UHGXFWLRQV )XUWKHU WULDOV DUH RQJRLQJ WR XQGHUVWDQG DQG LPSURYH WKH
VKRUWFRPLQJV RI WKLV WHFKQLTXH WR SURPRWH D JUHDWHU VSUHDG WU\LQJ WR FRPELQH HFRQRPLF
VXVWDLQDELOLW\ZLWKHQYLURQPHQWDOVXVWDLQDELOLW\ 
    
 
 
 
,QWURGX]LRQH 
 
7HFQLFKHGLODYRUD]LRQHGHOWHUUHQR 
Le  lavorazioni  del  terreno  VRQR GHJOL LQWHUYHQWL HVHJXLWL GDOO¶uomo  con  semplici  attrezzi 
manuali  o  con  macchine  più  complesse,  allo  scopo  prevalente  di  modificarne  la  sofficità 
(Giardini, 2002). Nella tecnica agricola le lavorazioni sono rappresentate da un complesso di 
RSHUD]LRQLPHFFDQLFKHHVHJXLWHFRQGLYHUVLWLSLGLVWUXPHQWLFDSDFLGLURPSHUHO¶DSSDUHQWH
continuità della massa del suolo in elementi di più piccole dimensioni; esse occupano dunque 
un posto di grande importanza in quanto condizionano fortemente le caratteristiche generali 
del suolo/¶RELHWWLYRSULQFLSDOHGHOOHODYRUD]LRQLYDLQGLYLGXDWRQHOODPRGLILFDGHOODVWUXWWXUD
e quindi della sofficità del terreno agrario. 
 
7HFQLFKHGLODYRUD]LRQHFRQYHQ]LRQDOH 
3HUPROWLDQQLO¶LGHDdHOO¶DJULFROWXUDqVWDWDDVVRFLDWDDOO¶DUDWXUDXQDSUDWLFDFKHKDFRQVHQWLWR
la messa a coltura di enormi distese che prima erano impiegate per altri usi come prati e 
pascoli  (Dick  e  Durkalski,  1998).  /H WHFQLFKH FRQYHQ]LRQDOL SUHYHGRQR O¶DUDWXUD FRQ
O¶LQYersione  degli strati favorendo il completo interramento dei residui colturali e lasciando il 
terreno libero da infestanti (Bonciarelli, 1997)(Fig. 1). Questa lavorazione basilare è seguita 
da una serie di lavorazioni successive che portano alla completa preparazione del letto di 
semina,  ripristinando  una  buona  struttura  e  porosità  del  suolo  instaurando  le  condizioni 
ottimali di abitabilità e sviluppo delle piante agrarie (Sartori e Peruzzi, 1997). 
 
 
)LJXUD-2SHUD]LRQHGLDUDWXUD  
 
 
 
/HODYRUD]LRQLGLSUHSDUD]LRQHSRVVRQRHVVHUHVXGGLYLVHLQTXDWWURJUXSSL*LDUGLQL 
¾  /DYRULGLPHVVDLQFROWXUDRSHUD]LRQLFKHFRQVHQWRQRGLIDFLOLWDUHO¶HVHFX]LRQHGHL
ODYRULSUHSDUDWRULFRQVLVWRQRQHOGLVVRGDPHQWRGHOWHUUHQR 
¾  /DYRUL SUHSDUDWRUL SULQFLSDOL ODYRUD]LRQL FKH FRQVHQWRQR LO GLURPSLPHQWR GHOOD
PDVVDWHUURVDFRQRVHQ]DULYROWDPHQWRGHOODIHWWDGLWHUUHQRDVHFRQGDGHOO¶DWWUH]]R
XVDWRSRVVRQRHVVHUHDUDWXUDYDQJDWXUDIUHVDWXUDVFDULILFDWXUD 
¾  /DYRULSUHSDUDWRULFRPSOHPHQWDULPDQLSROD]LRQLPHFFDQLFKHHVHJXLWHDOWHUUHQR
SHUUHDOL]]DUHOHPLJOLRULFRQGL]LRQLSHUODVHPLQDHVWLUSDWXUDSDUHJJLDPHQWRGHOOD
VXSHUILFLHIUHVDWXUDUXOODWXUD 
¾  /DYRUL GL FROWLYD]LRQH RSHUD]LRQL HVHJXLWH DOOD FROWXUD GXUDQWH LO FLFOR GL
FROWLYD]LRQHHUSLFDWXUDVFDULILFDWXUDVDUFKLDWXUDIUHVDWXUDUXOODWXUD 
/¶DGR]LRQHGHOODWHFQLFDFRQYHQ]LRQDOHSRUWDDGHLULVXOWDWLVRGGLVIDFHQWLLQWHUPLQLGLULVSRVWD
alle esigenze della coltura, ma da un punto di vista economico rappresenta una metodologia 
che comporta un notevole dispendio energetico in termini di carburante e di forza lavoro 
(Sartori e Peruzzi, 1997).  
/¶LQFUHPHQWRGHOODSURGXWWLYLWjDJULFRODVLqRWWHQXWRDXPHQWDQGRJOLLQSXWLTXDOLKDQQRVL
generato  risultati  desiderati,  ma  comportando  parallelamente  anche  un  insieme  di 
problematiche importanti da non trascurare. Fra queste, le più essenziali da considerare sono: 
¾  Erosione, fenomeno che si verifica in particolari condizioni e che comporta la perdita 
del suolo agrario per effetto del vento (eroVLRQHHROLFDRGHOO¶DFTXDHURVLRQHLGULFD
TXHVW¶XOWLPD q IDFLOPHQWH YLVLELOH FRQ O¶LQWRUELGDPHQWR GHOOH DFTXH GL VFRUULPHQWR
superficiale. Oltre a questo si ha anche una perdita di nutrienti (De Vita, Di Paolo,  
Fecondo, Di Fonzo, Pisante, 2007) 
¾  Contaminazione  delle  acque  con  nitrati  e  fosfati  accentuando  i  fenomeni  di 
eutrofizzazione 
¾  Compattamento,  dato  che  spesso  i  sistemi  convenzionali  sono  caratterizzati  da 
XQ¶LQWHQVLILFD]LRQHGHOOHODYRUD]LRQLVLKDGLFRQVHJXHQ]D un aumento del traffico di 
macchine e attrezzi con ripercussioni negative sulla struttura 
¾  $XPHQWR GHOO¶LPPLVVLRQH GL JDV VHUUD QHOO¶DWPRVIHUD (in  particolare  di  CO2)  a 
causa delle elevate potenze richieste e dei numerosi passaggi si ha un considerevole 
consumo di combustibile; inoltre si favorisce anche una rapida mineralizzazione della 
materia organica contenuta nel terreno 
¾  Declino della sostanza organica,  riducendo così la capacità di ritenzione idrica e 
O¶DWWLYLWjELRORJLFa, e di conseguenza anche la stabilità del suolo.  
 
 
 
6XOOD EDVH GL TXHVWL ULVFKL VL UHQGH SHUFLz QHFHVVDULR ULYHGHUH LO PRGHOOR SURGXWWLYR
FRQYHQ]LRQDOH LQWURGXFHQGR XQ QXRYR VLVWHPD GL IDUH DJULFROWXUD FKH VLD VRVWHQLELOH H
FRPSDWLELOHFRQO¶DPELHQWHPDFKHDOORVWHVVRWHPSRJDUDQWLVFDDFKLRSHUDLQWDOHVHWWRUHXQD
EXRQD UHGGLWLYLWj /D YLD PDHVWUD SRWUHEEH HVVHUH  la  semplificazione  delle  operazioni  con 
O¶DGR]LRQHGLDWWUH]]DWXUHmeno impattanti nei confronti del suolo che devono consentire il 
rispetto e mantenimento della struttura del suolo senza modificarne la stratigrafia quindi senza 
andare a invertire gli strati di terreno (Holland J.M., 2004)./DULFHUFDHOHFRQWLQXHSURYHLQ
FDPSRKDQQRSHUPHVVRORVYLOXSSRGLTXHOODFKHYLHQHGHILQLWD³DJULFROWXUDFRQVHUYDWLYD´ 
 
7HFQLFKHGLODYRUD]LRQHFRQVHUYDWLYD 
'DTXDOFKHGHFHQQLR O¶,WDOLDH JOLDOWULSDHVL VYLOXSSDWLKDQQRFRPLQFLDWR DGLQWHUURJDUVL
VXOO¶DGR]LRQHGHOOHWHFQLFKHFRQYHQ]LRQDOLSHUODSUHSDUD]LRQHGHOWHUUHQR3LVDQWH 
4XHVWRqGRYXWRSULQFLSDOPHQWHDWUHFDXVH 
¾  $XPHQWRVHPSUHSLPDUFDWRGHOFRVWRGHOFDUEXUDQWHHGHOODPDQRGRSHUD 
¾  6YLOXSSRGLSUDWLFKHDOWHUQDWLYHSHULOFRQWUROORGHOOHLQIHVWDQWL 
¾  $XPHQWRGHOODVHQVLELOLWjSHUODWXWHODHODFRQVHUYD]LRQHGHOO¶DPELHQWH 
La risposta a questi interrogativi viene perseguita attraverso un nuovo modo di concepire la 
tecnica agricola che viene definita con il nome di Agricoltura Conservativa  (Fernandez e 
Quintanilla,  1997).  Con  il  termine  di  Agricoltura  Conservativa  si  definiscono  tutte  le 
successioni di lavori che sono in grado di lasciare almeno il 30% della superficie del terreno 
coperta  dai  residui  colturali  (Struik  e  Bonciarelli,  1997).  Questo  nuovo  modo  di  fare 
DJULFROWXUDVLFRQWUDSSRQHDOODFXOWXUDWUDGL]LRQDOHEDVDWDSULQFLSDOPHQWHVXOO¶XVRGHOO¶DUDWUR
(Giardini,  2002).  Le  tecniche  conservative  puntano  ad  ottenere  la  migliore  preparazione 
possibile del letto di semina, limitando al massimo la successione delle operazioni di messa in 
FROWXUD7XWWRTXHVWRSHUQRQDOWHUDUHHFFHVVLYDPHQWHO¶HTXLOLEULRFKHVLYLHQHDFUHDUHQHO
terreno agrario, per contenere il dispendio energetico e il compattamento del suolo, dovuto 
DOO¶HOHYDWRQXPHURGLSDVVDJJLSUDWLFDWRGDOOHWHFQLFKHFRQYHQ]LRQDOLTutto questo finalizzato 
ad  ottenere  un  notevole  risparmio  economico  e  la  salvaguardia  ambientale.  Le  tecniche 
sviluppate a tal proposito sono rappresentate da cantieri di lavoro che riducono al minimo la 
lavorazione del terreno (Minimum Tillage), o che prevedono la semina diretta della coltura 
senza alcuna lavorazione preparatoria (No Tillage). (Archetti, Bonciarelli e Farina, 1996). 
/HWHFQLFKHGLPLQLPDODYRUD]LRQHFRQVLVWRQRLQLQWHUYHQWLFKHQRQSUHYHGRQRO¶LQYHUVLRQH
GHJOLVWUDWLGHOVXRORHVLVXGGLYLGRQRLQGXHJUDQGLJUXSSLDVHFRQGDGHOODSURIRQGLWjGL 
 
 
 
ODYRURPLQLPDODYRUD]LRQHSURIRQGDHPLQLPDODYRUD]LRQHVXSHUILFLDOH%HQYHQXWL 
1HOODPLQLPDODYRUD]LRQHSURIRQGDVLULHVFHDGLQWHUYHQLUHLQSURIRQGLWjDFLUFD±FP
VIUXWWDQGR DWWUH]]DWXUH TXDOL FROWLYDWRUL SHVDQWL H ULSXQWDWRUL )LJXUD  FDSDFL DQFKH GL
DIILQDUHLOWHUUHQRLQVXSHUILFLHJUD]LHDGXWHQVLOLFRPSOHPHQWDULROWUHFKHDVPXRYHUORLQ
SURIRQGLWjÊQHFHVVDULDFRPXQTXHXQDQRWHYROHSRWHQ]DGLWUD]LRQHPDVLFXUDPHQWHLQIHULRUH
DTXHOODULFKLHVWDGDOO¶DUDWXUDFKHLPSOLFDREEOLJDWRULDPHQWHLOVROOHYDPHQWRHULEDOWDPHQWR
GHOWHUUHQRHTXLQGLO¶LQYHUVLRQHGHJOLVWUDWLPHQWUHTXLVLHVHJXHVRORXQGLURPSLPHQWRH
GHFRPSDWWDPHQWRGHOVXRORSHUULFUHDUHOHFRQGL]LRQLLGHDOLGLSRURVLWjPDVHQ]DDOWHUDUHLO
SURILORGHOWHUUHQR/¶DOWURYDQWDJJLRULVSHWWRDOO¶DUDWXUDqODFUHD]LRQHGLPLQRU ]ROORVLWj
IDYRUHQGR FRVu OH VXFFHVVLYH RSHUD]LRQL FRPSOHPHQWDUL GL PHVVD LQ FROWXUD FKH ULVXOWDQR
FRPXQTXHQHFHVVDULHSHUUHDOL]]DUHOHFRQGL]LRQLLGHDOLSHUODVHPLQD 
 
 
)LJXUD-5LSXQWDWRUHGRWDWRGLUXOORIUDQJL]ROOHSRVWHULRUH 
 
1HOODPLQLPDODYRUD]LRQHVXSHUILFLDOHORVWUDWRLQWHUHVVDWRGDOOHODYRUD]LRQLFRUULVSRQGHDL
SULPL±FPGLWHUUHQRHVLXWLOL]]DQRPDFFKLQHFRPHFROWLYDWRULOHJJHUL]DSSDWULFL
URWDWLYHRHUSLFLURWDQWL)LJXUDFDSDFLGLODYRUDUHORVWUDWRVXSHUILFLDOH 
 
 
)LJXUD-(USLFHURWDQWH  
 
 
 
, YDQWDJJL GL TXHVWD WHFQLFD FRQVLVWRQR LQ XQD EXRQD JHVWLRQH GHOOH LQIHVWDQWL H
FRQWHPSRUDQHDPHQWHXQDPLVFHOD]LRQHGHLUHVLGXLFROWXUDOLQHOOHVWUDWRVXSHUILFLDOHHIIHWWR
SRVLWLYRQHOODWUDVIRUPD]LRQHGHOODVRVWDQ]DRUJDQLFDLQSLVLFUHDQROHFRQGL]LRQLSHUOD
VHPLQD FRQ XQD VXSHUILFLH RPRJHQHD H XQ GHFRPSDWWDPHQWR VXSHUILFLDOH &RQFUHWDPHQWH
TXHVWRVLWUDGXFHLQXQQRWHYROHULVSDUPLRHQHUJHWLFRSLDFFHQWXDWRULVSHWWRDOODPLQLPD
ODYRUD]LRQHSURIRQGD 
6HPSUHQHOOHWHFQLFKHGL PLQLPDODYRUD]LRQHVXSHUILFLDOH SXzHVVHUHFRPSUHVDOD VHPLQD
GLUHWWDGHOODFROWXUDFRQPDFFKLQHFRPELQDWHRYYHURDWWUH]]DWXUHDVVRFLDWHWUDORURLQXQXQLFR
WHODLR 3RVVRQR HVVHUFL YDULWLSL VL DVVRFLD]LRQLOHJDWHDO WLSRGL WHUUHQRHDOODFROWXUDGD
VHPLQDUHXQHVHPSLRqYLVLELOHQHOOD)LJXUDLQFXLYLqO¶DVVRFLD]LRQHWUDXQHUSLFHURWDQWH
DQWHULRUHFKHHVHJXHODSUHSDUD]LRQHGHOOHWWRGLVHPLQDXQUXOORURPSL]ROOHFKHSDUHJJLDOD
VXSHUILFLHHXQDVHPLQDWULFHDULJKHFKHHVHJXHODVHPLQDGHOODFROWXUD 
 
 
)LJXUD-0DFFKLQDFRPELQDWDFRPSRVWDGDXQHUSLFHURWDQWHHGDXQDVHPLQDWULFHDULJKH 
 
1HOOHWHFQLFKHGLQRQODYRUD]LRQHLQYHFHQRQVRQRSUHYLVWLLQWHUYHQWLSHUODSUHSDUD]LRQHGHO
OHWWRGLVHPLQDPDDWWUDYHUVRVHPLQDWULFLDSSRVLWDPHQWHSURJHWWDWHGHILQLWH³GDVRGR´)LJ
VLYDDODYRUDUHHVHPLQDUHVRORQHOOD]RQDLQWHUHVVDWDGDOVHPHVROFRGLVHPLQD  
 
 
 
 
)LJXUH-6HPLQDWULFHGLSUHFLVLRQHSHUODVHPLQDVXVRGRDOODYRUR 
 
*OLVYDQWDJJLULVSHWWRDOOHPLQLPHODYRUD]LRQLSRVVRQRHVVHUHULDVVXQWLHVVHQ]LDOPHQWHLQXQD
VFDUVDJHVWLRQHPHFFDQLFDGHOOHLQIHVWDQWLHGLRSHUDUHODVHPLQDVXXQWHUUHQRFRPSDWWRQRQ
RWWLPDOHSHUODJHUPLQD]LRQHGHL VHPLHORVYLOXSSRGHOOHJLRYDQLSLDQWLQH '¶DOWUDSDUWH
TXHVWH WHFQLFKH GL QRQ ODYRUD]LRQH ODVFLDQGR VXO WHUUHQR XQD EXRQD TXDQWLWj GL UHVLGXL
SHUPHWWRQR GL FRQWHQHUH GXH LPSRUWDQWL IHQRPHQL GL GHJUDGD]LRQH DPELHQWDOH TXDOL
O¶HURVLRQHVRSUDWWXWWRQHLWHUUHQLLQSHQGLRHODOLEHUD]LRQHGL&23DVVLDQRWRHWDO
/DFRVWDQWHSUHVHQ]DGLXQDFRSHUWXUDYHJHWDOHGDWDGDOOHSLDQWHFROWLYDWHRGDLORURUHVLGXL
FROWXUDOLULVXOWDIRQGDPHQWDOHSHULOPDQWHQLPHQWRGHJOLDJJUHJDWLGHOVXROR('HUSVFK et al., 
1986, Castro et al., 1991).3HUTXDQWRULJXDUGDODWHFQLFDFROWXUDOHO¶XWLOL]]RGLPHWRGLFKH
FRQVHUYDWLYHSRUWDDPLJOLRUDUHODVWUXWWXUDGHOWHUUHQRIDYRULVFHO¶XPLILFD]LRQHGHOODVRVWDQ]D
RUJDQLFD H DFFHQWXD OD SUHVHQ]D GL DFTXD DOO¶LQWHUQR GHO VXROR RWWHQHQGR FRVu XQ HIIHWWR
SRVLWLYRVXOOHFDUDWWHULVWLFKHGLIHUWLOLWjGHOWHUUHQR)HUQDQGH]DQG4XLQWDQLOOD 
&RQVLGHUDQGRLQILQHO¶DVSHWWRHFRQRPLFRLQJHQHUDOHOHODYRUD]LRQLFRQVHUYDWLYHSRUWDQRDG
XQPDUFDWRULVSDUPLRSHUODPHVVDLQFROWXUDYDULDELOHWUDLOHLODVHFRQGDVHVL
XWLOL]]DODPLQLPDODYRUD]LRQHRODQRQODYRUD]LRQH&HUD3HUX]]LH6DUWRULLQROWUHD
SDULWjGLRUHDQQXHGLODYRURLOFROWLYDWRUHKDODSRVVLELOLWjGLJHVWLUHXQQXPHURPDJJLRUHGL
HWWDULFRQO¶DGR]LRQHGLTXHVWHWHFQLFKHVHPSOLILFDWH(Mahdi e Mark, 2001) 
Le particolari caratteristiche di questa agricoltura e i suoi effetti benefici hanno spinto alcune 
regioni  italiane  (Veneto,  Lombardia)  ad  adottare  delle  misure  specifiche  nei  loro  PSR, 
attraverso il pagamento di un contributo annuale agli agricoltori che le vogliono utilizzare. 
    
 
 
 
(IIHWWLGHOO¶DGR]LRQHGHOO¶DJULFROWXUDFRQVHUYDWLYDVXOOHSULQFLSDOLFDUDWWHULVWLFKH
ILVLFKHGHOWHUUHQR 
,OVXRORYLHQHGHILQLWRFRPHODSDUWHVXSHUILFLDOHGHOODFURVWDWHUUHVWUHLQJUDGRGLRVSLWDUHOH
SLDQWHYLYHQWLFRVWLWXLWRGDVRVWDQ]HRUJDQLFKHHLQRUJDQLFKHqVHGHGLDWWLYLWjPLFURELFKHH
SURFHVVLILVLFLFKHQHGHWHUPLQDQRXQ¶HYROX]LRQHFRQWLQXD*LDUGLQL,SURFHVVLILVLFL
FKH LQWHUHVVDQR LO VXROR SRVVRQR SRUWDUH DOOD JUDGXDOH IRUPD]LRQH GL VWUDWL R RUL]]RQWL
FDUDWWHUL]]DWL GD VSHFLILFKH SURSULHWj FKLPLFKH H ILVLFKH FKH GHWHUPLQDQR LO SURILOR R OD
VWUDWLJUDILD GHO VXROR 1HL WHUUHQL GHILQLWL QDWXUDOL VL WURYD XQD VWUDWLJUDILD GLYHUVLILFDWD LQ
TXDQWR QRQVRSUDJJLXQJRQRPRGLILFD]LRQLDQWURSLFKHFKHQHDOWHUDQRODFRPSRVL]LRQHDO
FRQWUDULRLOWHUUHQRVRWWRSRVWRDODYRUD]LRQLGDSDUWHGHOO¶XRPRULSRUWDXQDVHPSOLILFD]LRQH
FKHORGLVWLQJXHLQGXHVROLVWUDWL 
¾  suolo o strato attivo; 
¾  strato subattivo o strato inerte. 
2JQLWHUUHQRqFRVWLWXLWRVFKHPDWLFDPHQWHGDWUHFRPSRQHQWL 
¾  SDUWHVROLGDVRVWDQ]HPLQHUDOLHPDWHULDOHRUJDQLFR 
¾  SDUWHOLTXLGDDFTXDHVRVWDQ]HGLVFLROWH 
¾  SDUWHJDVVRVDDWPRVIHUDGHOWHUUHQR 
,OPDWHULDOHVROLGRqGHILQLWRJUDQXORPHWULDRWHVVLWXUD*LDUGLQLHULFRSUHXQUXROR
LPSRUWDQWHQHOODGHILQL]LRQHGL XQWHUUHQRLQ TXDQWR ODGLYHUVDPLVFHODSHUFHQWXDOHGHOOH
FRPSRQHQWLGLWHUUDILQHSHUPHWWHGLFODVVLILFDUORHGLGHILQLUHOHVXHFDUDWWHULVWLFKHSHFXOLDUL 
,QEDVHDTXHVWDFODVVLILFD]LRQHLWHUUHQLVLSRVVRQRVXGGLYLGHUHLQ 
¾  6DEELRVLVHODFRPSRQHQWHSUHYDOHQWHqODVDEELD 
¾  /LPRVLVHODFRPSRQHQWHSUHYDOHQWHqLOOLPR 
¾  $UJLOORVLVHODFRPSRQHQWHSUHYDOHQWHqO¶DUJLOOD 
8Q DOWUR HOHPHQWR FKH FRPSRQH OD SDUWH VROLGD q UDSSUHVHQWDWR GDL UHVLGXL RUJDQLFL FKH
ULPDQJRQR VXO WHUUHQR GRSR OD UDFFROWD H FKH LQJOREDWL SHUPHWWRQR GL PLJOLRUDUQH OH
FDUDWWHULVWLFKHFKLPLFKHILVLFKHHELRORJLFKH 
/DSDUWHOLTXLGDqUDSSUHVHQWDWDGDOODVROX]LRQHFLUFRODQWHLQHVVDVRQRGLVFLROWHOHVRVWDQ]H
QXWULWLYHLQGLVSHQVDELOLDOODYLWDGHOOHSLDQWH*LDUGLQL/DGLYHUVDSHUFHQWXDOHGLDFTXD
FRQWHQXWDQHOWHUUHQRGHILQLVFHOHFRQGL]LRQLSHUVWDELOLUHO¶HSRFDRWWLPDOHGLHVHFX]LRQHGHOOH
ODYRUD]LRQL 
/¶DWPRVIHUD GHO WHUUHQR GHILQLVFH OD SDUWH JDVVRVD HG q DQFKH TXHVWD XQD FRPSRQHQWH
HVVHQ]LDOHGHOVXRORSHUFRQVHQWLUHODYLWDGHLPLFURUJDQLVPLHGHOOHSLDQWHFKHYLULVLHGRQR 
 
 
 
/HVRVWDQ]HJDVVRVHVRQRFRQWHQXWHDOO¶LQWHUQRGHLPDFURSRULFKHVLFUHDQRLQVHJXLWRDOOD
VWUXWWXUD]LRQHGHJOLDJJUHJDWLGHOWHUUHQR*LDUGLQL 
/H GLYHUVH FRPELQD]LRQL GHOOH WUH SDUWL VRSUD GHVFULWWH GHILQLVFH OH FDUDWWHULVWLFKH GL
ODYRUDELOLWjIHUWLOLWjHSURGXWWLYLWjGLXQWHUUHQR 
,OILQHSULQFLSDOHGHOO¶DGR]LRQHGLWHFQLFKHGLODYRUD]LRQHGHOVXRORqODIRUPD]LRQHGLXQ
VXEVWUDWRRWWLPDOHSHUODFROWLYD]LRQHHTXLQGLSHUO¶DFFUHVFLPHQWRHORVYLOXSSRGHOOHSLDQWH
FROWLYDWH 
 
3RURVLWj 
4XDQGRXQWHUUHQRKDVXSHUDWROHIDVLGLPHVVDDFROWXUDHKDDFTXLVLWROHFDUDWWHULVWLFKH
LGRQHHDSHUPHWWHUQHODFROWLYD]LRQHELVRJQDDWWXDUHWXWWHTXHOOHRSHUD]LRQLFKHFUHLQROH
FRQGL]LRQLLGHDOLDOODFROWXUDPDFKHDOORVWHVVRWHPSRQRQFRPSRUWLQRXQ¶DOWHUD]LRQHGHOOH
FDUDWWHULVWLFKHSHGRJHQHWLFKHGHOWHUUHQRFRQFRQVHJXHQWLULSHUFXVVLRQLQHJDWLYH,OWHUUHQRKD
XQHTXLOLEULRWUDODIDVHVROLGDOLTXLGDHDHULIRUPHHLOUDSSRUWRFRUUHWWRPDDOORVWHVVRWHPSR
PRGLILFDELOHGLTXHVWHWUHIDVLqGLIRQGDPHQWDOHLPSRUWDQ]DSHUODYLWDGHOOHSLDQWH/D
WHQGHQ]DHTXHOORFKHVLYRUUHEEHRWWHQHUHFRQOHODYRUD]LRQLqTXLQGLGLLQWHUYHQLUHSHU
FHUFDUHGLULSULVWLQDUHLUDSSRUWLRWWLPDOLGLTXHVWHWUHIUD]LRQL1HOPRPHQWRLQFXLVLDQGUjD
GHFLGHUHFKHWLSRGLODYRUD]LRQLIDUHLQXQVXRORELVRJQDSULPDGLWXWWRWHQHUHFRQWRGHOOD
GLYHUVDFRPSRVL]LRQHGHOOHFRPSRQHQWLGLWHUUDILQHSUHVHQWLHVVHDVVXPRQRXQDQRWHYROH
LPSRUWDQ]D VRSUDWWXWWR QHOOD SRVVLELOLWj GL DGRWWDUH RSHUD]LRQL FRQVHUYDWLYH SHUFKp
VWDELOLVFRQRVHO¶XWLOL]]RGLWDOLSUDWLFKHSRVVDSRUWDUHDGRWWHQHUHHIIHWWLSRVLWLYLRQHJDWLYLVXO
WHUUHQR8QLQGLFHFKHSHUPHWWHGLYDOXWDUHWDOHHIIHWWRqODSRURVLWjFKHVLLGHQWLILFDQHOOD
IUD]LRQH GL WHUUHQR QRQ RFFXSDWD GDOOH SDUWLFHOOH VROLGH H VL YLHQH D FUHDUH LQ VHJXLWR
DOO¶DVVHVWDPHQWRGHJOLDJJUHJDWLVWUXWWXUDOL*LDUGLQL/DSRURVLWjWRWDOHqGHILQLWDGD
GXHWLSRORJLHGL³SRUL´ODSULPDUDSSUHVHQWDWDGDJOLVSD]LFRQGLDPHWURPLQRUHGLPLFURQ
GHILQLWLPLFURSRULRFFXSDWLSULQFLSDOPHQWHGDOODVROX]LRQHFLUFRODQWHODVHFRQGDWLSRORJLD
UDSSUHVHQWDWDGDLPDFURSRULFRPSUHQGHLQYHFHJOLVSD]LFRQGLDPHWURPDJJLRUHGLPLFURQ
QHLTXDOLQRUPDOPHQWHqFRQWHQXWDO¶DULD,QXQWHUUHQRLGHDOHDLILQLGHOODFUHVFLWDRWWLPDOH
GHOOHSLDQWHVLUHSXWDLQGLVSHQVDELOHFKHODPLFURSRURVLWjGHEEDHVVHUHSDULDOPHQWUHOD
PDFURSRURVLWj UDSSUHVHQWL LO UHVWDQWH  GHOOD SRURVLWj WRWDOH 'D QRQ VRWWRYDOXWDUH
QHOO¶DPELWRGHOODPDFURSRURVLWjODQHFHVVLWjGLDYHUHXQFHUWRQXPHURGLSRULFRQXQGLDPHWUR
GL DOPHQR  ȝP DO ILQH GL JDUDQWLUH XQ UDSLGR GUHQDJJLR GHOOH DFTXH JUDYLWD]LRQDOL GL
SHUFROD]LRQHLQFDVRGLDSSRUWLLGULFLFRQVLVWHQWLHRSUROXQJDWLQHOWHPSRPHQWUHDOORVWHVVR 
 
 
 
WHPSR q LPSRUWDQWH DQFKH OD SUHVHQ]D GL SRUL FRQ GLDPHWUR GL  ±  ȝP DO ILQH GL
JDUDQWLUHXQ¶DJHYROHSHQHWUD]LRQHGHOOHUDGLFL%RQFLDUHOOL 
'LYHUVLVWXGLVRQRVWDWLIDWWLSHUYHULILFDUHO¶HIIHWWRGHOO¶DGR]LRQHGLODYRUD]LRQLFRQYHQ]LRQDOL
H FRQVHUYDWLYH 3DJOLDL  H L GDWL GLPRVWUDQR FKH VX WHUUHQL GRYH YHQJRQR HVHJXLWH
ODYRUD]LRQLFRQVHUYDWLYHODSUHVHQ]DGLSRULGLGLPHQVLRQLFRPSUHVHWUHHPLFURQq
VXSHULRUHULVSHWWRDTXHOOLODYRUDWLFRQWHFQLFKHFRQYHQ]LRQDOL'DO*UDILFRVLSXzYHGHUH
FRPHYLVLDXQDGLIIHUHQ]DWUDOHGLPHQVLRQLGHLSRULDOO¶LQL]LRHDOODILQHGLXQFLFORSURGXWWLYR
GRSRO¶XWLOL]]RGLWHFQLFKHFRQYHQ]LRQDOLHWHFQLFKHFRQVHUYDWLYH 
 
 
*UDILFR - (IIHWWR GHOOD PHWRGRORJLD GL ODYRUD]LRQH VXOOD
GLPHQVLRQHGHLSRULGHOWHUUHQR3DJOLDL 
 
/HSULPHFUHDQRQHLWHUUHQLSRULGLGLPHQVLRQLPDJJLRULGLPLFURQLQPLVXUDGHOVXO
YROXPHWRWDOHOHVHFRQGHLQYHFHODVFLDQRQHLWHUUHQLSRULPROWRSLSLFFROLFKHVLDWWHVWDQR
WUDLHLPLFURQ&RQVLGHUDQGRSRLODSRURVLWjQHOODSDUWHWHUPLQDOHGHOSHULRGRVL
RVVHUYD FRPH YL VLD XQ DVVHVWDPHQWR GHOOH GLPHQVLRQL GHL SRUL FKH QHOOH WHFQLFKH
FRQYHQ]LRQDOLSRUWDDGXQDXPHQWRPROWRPDUFDWRGHOODPLFURSRURVLWjDVFDSLWRGHLSRULFRQ
GLPHQVLRQLPDJJLRUL,OSDVVDJJLRGLDWWUH]]DWXUHVXOWHUUHQRLQIDWWLWHQGRQRDGDGGHQVDUOR
PRGLILFDQGRQH OD VWUXWWXUD FUHDQGR LO FRVu GHWWR IHQRPHQR GHO FRPSDWWDPHQWR R
FRVWLSDPHQWR  /¶HIIHWWR GHOO¶HOHYDWR QXPHUR GL SDVVDJJL VXO WHUUHQR FKH WDOL RSHUD]LRQL
ULFKLHGRQR FRPSRUWD FKH JLj GRSR LO SULPR SDVVDJJLR VL GLPH]]L LO QXPHUR GL SRUL FRQ
GLPHQVLRQHVXSHULRUHDPLFURQ*UDILFR1HOOHWHFQLFKHFRQVHUYDWLYHVLDVVLVWHDGXQD
ULGX]LRQH GHOOD SRURVLWj LQ PLVXUD PHQR PDUFDWD FKH VL DWWHVWD LQWRUQR DO  DG XQD 
 
 
 
SURIRQGLWjGLFPHDODGXQDSURIRQGLWjGLFP4XHVWDPLQRUHULGX]LRQHGHULYD
GDOOD FDSDFLWj GHO WHUUHQR GL FUHDUH SRUL FRQ RULHQWDPHQWR YHUWLFDOH FKH SHUPHWWRQR GL
DXPHQWDUHODVWDELOLWjGRSRLOSDVVDJJLRGHLPH]]LRSHUDWLYL3DJOLDL 
 
 
*UDILFR  - (IIHWWR GHOOD PHWRGRORJLD GL ODYRUD]LRQH VXOOD GLPHQVLRQH GHL
PDFURSRULGHOWHUUHQRGRSRLOSDVVDJJLRGHLPH]]LRSHUDWLYL3DJOLDL 
 
/¶HYLGHQ]LDWDFDSDFLWjGHOOHWHFQLFKHFRQVHUYDWLYHGLFUHDUHSRULGLSLFFROHGLPHQVLRQLSXz
SRUWDUHDGHJOLHIIHWWLVYDQWDJJLRVL7DOLHIIHWWLVRQRGDDWWULEXLUHSULQFLSDOPHQWHDOO¶HFFHVVLYR
FRPSDWWDPHQWRFKHVLSXzYHULILFDUHLQWHUUHQLDUJLOORVLGRYHO¶HOHYDWDSUHVHQ]DGLDUJLOOH
SRFR HVSDQGLELOL SRUWD DG DFFHQWXDUH IHQRPHQL GL ULVWDJQR VXSHUILFLDOH FRQ DXPHQWR GHL
IHQRPHQLHURVLYLRGLDVILVVLDGHOWHUUHQR&DOLDQGUR9DVRWWROLQHDWRSHUzFKHQHOQRQ
ODYRUDWR VL PDQWHQJRQR L SRUL FUHDWL GDOOD IDXQD GHO WHUUHQR PDJJLRUL GL  PP FKH
FRQWULEXLVFRQR D ULGXUUH O¶HIIHWWR QHJDWLYR GHOOD PDQFDQ]D G¶DULD QHL SHULRGL SLRYRVL R LQ
VHPLQHXPLGH4XHVWRVLJQLILFDFKHQRQRVWDQWHLOWHUUHQRGHOQRQODYRUDWRVLDSLGHQVRGHO
FRQYHQ]LRQDOHFRQPHQRSRULSHUO¶DULDLOGUHQDJJLRYLHQHFRPSHQVDWRGDLPDFURSRULFKH
ULGXFRQRLOSRWHQ]LDOHULVWDJQRHUXVFHOODPHQWRVXSHUILFLDOHQHLWHUUHQLLQSHQGLR 
 
'HQVLWjDSSDUHQWH 
8QRGHLIDWWRULXWLOL]]DWLSHUGHWHUPLQDUHLOJUDGRGLFRPSDWWDPHQWRGHOWHUUHQRqLOYDORUHGL
GHQVLWjDSSDUHQWH(VVRUDSSUHVHQWDLOUDSSRUWRWUDODPDVVDWRWDOHGLVXRORHLOVXRYROXPH
WRWDOH Ê LPSRUWDQWH SHUFKp LO FRPSDWWDPHQWR SRUWD DG XQ DXPHQWR GHO YDORUH GL GHQVLWj
DSSDUHQWH HG XQD GLPLQX]LRQH GHO YROXPH GHL SRUL SUHVHQWL FUHDQGR FRVu XQD ULGX]LRQH 
 
 
 
GHOO¶DHUD]LRQHHGHOODWHPSHUDWXUDGHOVXRORROWUHFKHDPRGLILFD]LRQLQHLSURFHVVLELRORJLFL
/RJVGRQDQG'RXJODV,QXQRVWXGLR7HEUXJJHULSRUWDFRPHYDORULHOHYDWLGL
GHQVLWjDSSDUHQWHLQWRUQRD0JP
-VLYHULILFKLQRQHJOLVWUDWLVXSHUILFLDOLGHOWHUUHQRD
VHJXLWRGHOO¶DGR]LRQHGLWHFQLFKHGLQRQODYRUD]LRQHYDORULVLPLOLGLGHQVLWjDSSDUHQWHLQWDOL
PRGDOLWj GL ODYRUD]LRQH VRQR FRQIHUPDWL DQFKH GD -LQ HW DO  1HJOL VWUDWL VXE-
VXSHUILFLDOLVLRVVHUYDSHUzXQDULGX]LRQHGHOYDORUHILQRD0JP
-FKHGLPRVWUDFRPHWDOL
WHFQLFKHVLDQRLQJUDGRGLHYLWDUHPDJJLRUPHQWHLOFRPSDWWDPHQWRGHOVXROR 
8QDULFHUFDFRQGRWWDGD+HUQD]HWDOKDLQYHFHFRQVWDWDWRFKHIRVVHUROHWHFQLFKH
FRQVHUYDWLYHDGDUHLOYDORUHSLDOWRGLGHQVLWjFRPHVLSXzYHGHUHGDO*UDILFR 
 
 
*UDILFR-(IIHWWRGLWUHWHFQLFKHGLODYRUD]LRQHVXOOD
GHQVLWjDSSDUHQWHLQPRQRFROWXUDGLPDLV 
 
,OIDWWRFKHVLULVFRQWULQRVLWXD]LRQLFRVuGLYHUVHWUDLYDULVWXGLqGDPHWWHUHLQUHOD]LRQHFRQOD
SUHVHQ]DGHLUHVLGXLFKHULGXFRQRO¶HYDSRUD]LRQHGLDFTXDHGHOORURHIIHWWRSURWHWWLYRQHL
FRQIURQWLGHOO¶D]LRQHEDWWHQWHGHOODSLRJJLDFRQFRQVHJXHQWHULGX]LRQHGHOFRPSDWWDPHQWR
,QROWUHqGDWHQHUHLQFRQVLGHUD]LRQHFRPHLOWHUUHQRYLHQHJHVWLWRQHOO¶DQQDWDSUHFHGHQWHLO
WLSR GL PDFFKLQH XWLOL]]DWH H LO PRPHQWR LQ FXL DYYHQJRQR GHWHUPLQDWH RSHUD]LRQL FKH
SRVVRQRGHWHUPLQDUHVLWXD]LRQLPROWRGLYHUVHQHOVXROR7HUUHQLFKHKDQQRVXELWRRSHUD]LRQL
GLUDFFROWDFRQFDULFKLQRWHYROLSRVVRQRIRUQLUHYDORULPROWRDOWLGLGHQVLWjDSSDUHQWHHTXLQGL
OD VLWXD]LRQH GL SDUWHQ]D ULVXOWD QRQ IDYRUHYROH SHU OD FROWXUD FRQ SRVVLELOL SUREOHPL GL 
 
 
 
ULVWDJQRHVXFFHVVLYDPHQWHGLIILFROWjGLVHPLQDHGLVYLOXSSRGHOOHJLRYDQLSODQWXOH6HLQYHFH
YHQJRQRXWLOL]]DWHPDFFKLQHGRWDWHGLUXRWHDVH]LRQHSLODUJDFKHSHUPHWWRQRGLULGXUUHLO
FRPSDWWDPHQWRVLPLJOLRUDVLDO¶LGUDXOLFDFKHODVWUXWWXUDGHOVXRORLQVWDXUDQGRFRQGL]LRQL
PLJOLRULSHURVSLWDUHXQDQXRYDFROWXUD /HWHFQLFKHFRQYHQ]LRQDOLLQYHFHSHUPHWWRQR GL
RWWHQHUHLQVXSHUILFLHYDORULPROWREDVVLGLGHQVLWjDSSDUHQWHDWWRUQRD0JP
-PDD
FDXVDGHOO¶D]LRQHGHOO¶DUDWURLOYDORUHDXPHQWDILQRDYDORULGL0JP
-DGXQDSURIRQGLWj
GLFP,OPRWLYRGLTXHVWRDXPHQWRqGDULFHUFDUHQHOODPLJOLRUHSUHSDUD]LRQHGHOVXROR
QHJOL VWUDWL VRSUDVWDQWL FKH TXLQGL YHQJRQR SL GLVJUHJDWL ,Q SURIRQGLWj VL DVVLVWH DG XQ
VXFFHVVLYRULDVVHVWDPHQWRGRSRLOSDVVDJJLRGHOOHPDFFKLQHFKHSRUWDDGXQLQFUHPHQWRGHO
YDORUHRVVHUYDWR7XWWLJOLVWXGLVRSUDPHQ]LRQDWLKDQQRPHVVRLQHYLGHQ]DFRPHVLDQRVRORJOL
VWUDWLVXSHUILFLDOLTXHOOLGRYHVLYHULILFDQRLPDJJLRULGLVFRVWDPHQWLIUDLYDORUL$SURIRQGLWj
PDJJLRULVLLQVWDXUDODVWDELOLWjVWUXWWXUDOHWLSLFDGHLQRQODYRUDWLRLOULWRUQRDOODVWUXWWXUD]LRQH
GHLVXROLODYRUDWL 
 
5HVLVWHQ]DDOODSHQHWUD]LRQHGHOO¶DSSDUDWRUDGLFDOH 
8QRGHJOLREELHWWLYLSULQFLSDOLGHOOHWHFQLFKHGLODYRUD]LRQHGHOVXRORqGLULGXUUHODUHVLVWHQ]D
DOOD SHQHWUD]LRQH GD SDUWH GHOO¶DSSDUDWR UDGLFDOH GL XQD FROWXUD SHU IDYRULUQH LO VXR
DFFUHVFLPHQWRLQSURIRQGLWj 
/RVWUXPHQWR XWLOL]]DWRSHUYDOXWDUHODUHVLVWHQ]D LPSRVWD GDO VXRORDOO¶HVSORUD]LRQHGHOOH
UDGLFLVLFKLDPD3HQHWURPHWURHIRUQLVFHXQYDORUHGLSUHVVLRQHHVSUHVVRLQ03D,QOLQHD
JHQHUDOHXQDVVHUDGLFDOHqLQJUDGRGLHVHUFLWDUHLQIDVHGLFUHVFLWDXQDIRU]DGLSHQHWUD]LRQH
SDUL D  ±  03D LQ IXQ]LRQH GHOOD VSHFLH FRQVLGHUDWD ,O GDWR ULOHYDWR PHGLDQWH
SHQHWURPHWURVRYUDVWLPDLOOLPLWHGLUHVLVWHQ]DDOODSHQHWUD]LRQHUDGLFDOHIRUQHQGRXQULVXOWDWR
SDUL D  ±  03D &Lz q VSLHJDWR VXOOD EDVH GHOOD GLYHUVD PRGDOLWj GL SHQHWUD]LRQH
HVHUFLWDWD GD XQD UDGLFH ULVSHWWR DOOD VRQGD SHQHWURPHWULFD H DO GLIIHUHQWH FRQWDWWR FKH VL
LQVWDXUDWUDLOWHUUHQRHODVWHVVDVRQGDLQIDVHGLDSSURIRQGLPHQWRGDXQODWRLQIDWWLODVRQGD
LPSLHJDWDVHJXHXQSHUFRUVROLQHDUHHVLDSSURIRQGLVFHDGXQDYHORFLWjPROWRHOHYDWDULVSHWWR
DTXDQWRDFFDGHSHUXQDSSDUDWRLSRJHR/DUDGLFHVHJXHXQSHUFRUVRWRUWXRVRVIUXWWDQGR
HYHQWXDOL YDQL YXRWL GHIRUPDQGR LO VXROR DG XQD YHORFLWj LQIHULRUH H LQFRQWUDQGR XQD
YDULDELOLWjVSD]LDOHULIHULWDDOO
LPSHGHQ]DPHFFDQLFDGHOWHUUHQRVXSHULRUHDOODFDSDFLWjGL
ULOHYD]LRQHGHOODVRQGDODTXDOHIRUQLVFHXQGDWRPHGLRGHOODUHVLVWHQ]DLQFRQWUDWDQHOO
LQWRUQR
GHOVLWRGLDSSURIRQGLPHQWR0ROWRLPSRUWDQWHLQSURSRVLWRULVXOWDDQFKHODIRU]DGLDWWULWRFKH
VLJHQHUDWUDLOWHUUHQRHODVXSHUILFLHODWHUDOHGHOODVRQGDDVSHWWRWUDVFXUDELOHQHOFDVRGLXQD 
 
 
 
UDGLFHODTXDOHDWWHQXDO
LQFLGHQ]DGLTXHVWDFRPSRQHQWHJUD]LHDQFKHDOODSURGX]LRQHGL
HVVXGDWLLQSURVVLPLWjGHOO
DSLFHUDGLFDOH,OGDWRSHQHWURPHWULFRqFRPXQTXHPROWRXWLOHQHO
IRUQLUH XQ
LQGLFD]LRQH VXOOH FRQGL]LRQL GL UHVLVWHQ]D FKH OD UDGLFH LQFRQWUD QHOOD IDVH GL
DSSURIRQGLPHQWROXQJRLOSURILORGHOWHUUHQRIHQRPHQRDVHJXLWRGHOTXDOHVLKDXQDULGX]LRQH
GHOO
DOOXQJDPHQWRUDGLFDOHFRQXQDXPHQWRGHOGLDPHWURGHOODUDGLFHGRYXWRDGXQLQFUHPHQWR
GHOQXPHURGLFHOOXOHSHUXQLWjGLYROXPHUDGLFDOHHGXQPDJJLRUGLDPHWURGHOOHVWHVVHLQ
FRUULVSRQGHQ]DGHOODUHJLRQHFRUWLFDOH 
/H  VLQJROH FROWXUH PDQLIHVWDQR SRL XQD GLIIHUHQWH DWWLWXGLQH DOOD SHQHWUD]LRQH UDGLFDOH
FDUDWWHULVWLFDFKHqOHJDWDDOODIRU]DGLSUHVVLRQHHVHUFLWDELOHGHOO
DVVHUDGLFDOHHDOORVWHVVR
WHPSRDOGLDPHWURGHOO
DVVHPHGHVLPRGLFRQVHJXHQ]DVSHFLHGLYHUVHVRQRLQJUDGRGLUHDJLUH
LQPRGRGLIIHUHQWHDOOHPHGHVLPHFRQGL]LRQLGLUHVLVWHQ]DDOODSHQHWUD]LRQH0DWHUHFKHUD6
$HWDO 
,QILQHDFFDQWRDOO
LQWHUD]LRQHWUDLVLQJROLDVSHWWLILQTXLVFKHPDWL]]DWLVLGHYHSUHQGHUHLQ
FRQVLGHUD]LRQH O
LQFLGHQ]D GHO IDWWRUH WHPSR QHO FRUVR GHO FLFOR FROWXUDOH OD UDGLFH
DSSURIRQGHQGRVLOXQJRLOSURILORGLWHUUHQRVLYLHQHDWURYDUHDFRQWDWWRFRQVWUDWLGLIIHUHQWL
,QHVVLSRVVRQRYDULDUHOHSULQFLSDOLFDUDWWHULVWLFKHUHVSRQVDELOLGLXQDPDJJLRUHUHVLVWHQ]DDOOD
SHQHWUD]LRQH FRQ XQD ULVSRVWD GLYHUVD GD SDUWH GHOOR VWHVVR DSSDUDWR UDGLFDOH $QFKH
O
LQVWDXUDUVLGLFRQGL]LRQLHVWHUQHGLGLYHUVDQDWXUDHGHQWLWjWUDFXLOHSUHFLSLWD]LRQLHOH
ODYRUD]LRQLFRPSRUWDQRXQDGLYHUVDUHD]LRQHDOORVYLOXSSRUDGLFDOH,QFRUULVSRQGHQ]DGLXQ
LQFUHPHQWR GHOOD GHQVLWj DSSDUHQWH GHO WHUUHQR VL DVVLVWH DG XQ LQVLHPH GL PRGLILFD]LRQL
WHQRUH GL RVVLJHQR YDQL YXRWL DFTXD GLVSRQLELOH HFF OD FXL HQWLWj SXz VXELUH GHOOH
YDULD]LRQLQHOFRUVRGHOFLFORFROWXUDOHTXDORUDLQIDWWLVLVLDLQGLYLGXDWDODSUHVHQ]DGLXQR
VWDWRFRPSDWWDWROXQJRLOSURILORGHLWHUUHQRHVVXRODGLODYRUD]LRQHHVVRSXzUDSSUHVHQWDUH
XQRVWDFRORDOORVYLOXSSRUDGLFDOHQHOFDVRLQFXLOHUDGLFLGHOODSLDQWDORUDJJLXQJDQRLQEUHYH
WHPSRPHQWUHSXzDQFKHQRQUDSSUHVHQWDUHXQVHULRLPSHGLPHQWRDOO
DOOXQJDPHQWRUDGLFDOH
VHQHOPRPHQWRLQFXLOHUDGLFLVLDSSURVVLPDQRDGHVVRVLKDXQDULGX]LRQHGHOO
HQWLWjGHOOD
UHVLVWHQ]DDOODSHQHWUD]LRQHFRPHDFFDGHDVHJXLWRGLXQHYHQWRSLRYRVR 
0ROWRLPSRUWDQWHTXLQGLDOPRPHQWRGLGHFLGHUHTXDOLLQWHUYHQWLFROWXUDOLVRVWHQHUHqOD
FRQVLGHUD]LRQH GHOOD SUREDELOH HYROX]LRQH GHOO
HQWLWj GHOOD UHVLVWHQ]D DOOD SHQHWUD]LRQH
UDGLFDOHQHOFRUVRGHOWHPSRQHOODVLWXD]LRQHRSSRVWDDOODSUHFHGHQWHLQIDWWLVLVDUHEEHSRWXWR
GHFLGHUH GL QRQ ODYRUDUH LO WHUUHQR LQ SUHVHQ]D GL XQR VWUDWR OLHYHPHQWH FRPSDWWDWR QRQ
ULWHQHQGRORXQRVWDFROR SHUORVYLOXSSRUDGLFDOHPHQWUHO
DSSURIRQGLPHQWRGHOOHUDGLFLLQ
SURVVLPLWj GL WDOH VWUDWR LQ FRUULVSRQGHQ]D GL XQD VWDJLRQH SRFR SLRYRVD DYUHEEH SRWXWR
FRVWLWXLUHXQSUREOHPDDOILQHGHOFRQVHJXLPHQWRGLXQDEXRQDUHVD  
 
 
 
&RQVHJXHQWHPHQWH O
DWWHQ]LRQH VL GHYH FRQFHQWUDUH VX GXH DVSHWWL IRQGDPHQWDOL OD
YDOXWD]LRQH GHOO
HIIHWWR FKH XQ LQWHUYHQWR GL ODYRUD]LRQH SXz HVHUFLWDUH D FDULFR GHOOD
UHVLVWHQ]DDOODSHQHWUD]LRQHHODGHWHUPLQD]LRQHGLXQOLPLWHVRJOLDSHUORVYLOXSSRUDGLFDOH
VXOTXDOHGHFLGHUHTXDOHODYRUD]LRQHHVHJXLUH 
3HUTXHOFKHFRQFHUQHLOSULPRSXQWRODORFDOL]]D]LRQHGHOODODYRUD]LRQHSULPDULDGHOWHUUHQR
LQ FRUULVSRQGHQ]D GHOOH DUHH GHO FDPSR HG DOOD SURIRQGLWj LQ FXL VLD SUHVHQWH XQR VWUDWR
PDJJLRUPHQWHFRPSDWWDWRVLEDVDVXOODGHWHUPLQD]LRQHGLXQYDORUHOLPLWHGHOODUHVLVWHQ]D
DOODSHQHWUD]LRQHDOILQHGLPRGXODUHO
LQWHUYHQWRDJURQRPLFRDOO
LQWHUQRGHOO
DSSH]]DPHQWR 
$WDOSURSRVLWRLGLYHUVLLQWHUYHQWLSRVVRQRDYHUHXQDGLIIHUHQWHLQFLGHQ]DVXOODSUHVHQ]DGL
XQRVWUDWRFRPSDWWDWROXQJRLOSURILORGHLVXRORO
DUDWXUDHODGLVFDWXUDLQIDWWLQRQVHPSUH
ULHVFRQRDUDJJLXQJHUHSURIRQGLWjVXSHULRULDTXHOODGRYHqORFDOL]]DWRXQRVWUDWRFRPSDWWDWR
DQ]LLQDOFXQLFDVLTXHVWLVWHVVLLQWHUYHQWLGLODYRUD]LRQHSRVVRQRGHWHUPLQDUHODIRUPD]LRQHGL
XQDVXRODGLODYRUD]LRQHDOFRQWUDULRXQDULSXQWDWXUDRODIHVVXUD]LRQHYHUWLFDOHGHOWHUUHQR
FRQFROWLYDWRUHSHVDQWHHVHJXLWHDQQXDOPHQWHSRVVRQRDYHUHXQ
D]LRQHSRVLWLYDLQJUDGRGL
SUROXQJDUHLSURSULHIIHWWLDQFKHQHOO
DQQDWDVXFFHVVLYD%XVVFKHU:$HWDO 
/
DVSHWWRSULQFLSDOHGLYLHQHSHUFLzLOVHFRQGRSXQWRVXOTXDOHOHGLIIHUHQWLIRQWLFRQVLGHUDWH
ULSRUWDQROLPLWLQRQFRQFRUGLGLIIHUHQWLVRSUDWWXWWRDVHFRQGDGHOWLSRGLWHUUHQRWHVVLWXUD
DFTXDGLVSRQLELOHHFFXQHVSHULPHQWRFRQGRWWRLQPDLVGD&ODUN5/KDFRQFOXVR
FKHXQYDORUHGL03DKDSRUWDWRDOODULGX]LRQHGHOGHOODOXQJKH]]DUDGLFDOHVXWHUUHQR
DUJLOORVR-OLPRVRPHQWUHVXWHUUHQROLPRVRXQYDORUHGL03DKDSRUWDWRDGXQGHFUHPHQWR
GHOGHOODOXQJKH]]DUDGLFDOHSHUODVWHVVDFROWXUDqLQGLFDWRXQOLPLWHLQGLFDWLYRGLEORFFR
GHOO¶DOOXQJDPHQWRGHOO¶DSSDUDWRLSRJHRDFLUFD03D 
$OWULVWXGLGL%HQJRXJK$*HWDOKDQQRILVVDWRWDOHYDORUHLQSURVVLPLWjGL03D
PHQWUH VHFRQGR &DVWULJQDQz$ HW DO  q FRPSUHVR WUD  H 03D9DORUL DQFRUD
³PRGHVWL´VRQRULSRUWDWLQHOWULDQJRORWHVVLWXUDGHQVLWjFRQXQOLPLWHGL03DVXWHUUHQR
VDEELRVR-OLPRVRH03DVXWHUUHQROLPRVRVHPSUHLQPDLV$OWUHULFHUFKHFRQGRWWHGD
*HUDUG&-HWDOKDQQRGHILQLWRTXHVWRSDUDPHWURD03DLQWHUUHQRJURVVRODQRH
03D LQ WHUUHQR DUJLOORVR PHQWUH 'DGGRZ 5 / H:DUULQJWRQ (:  ULWHQJRQR GL
DGRWWDUHFRQDSSURFFLRFDXWHODWLYRFRPHOLPLWHGLUHVLVWHQ]DDOODSHQHWUD]LRQHUDGLFDOHSHULO
PDLVLOYDORUHGL03D 
,QUHOD]LRQHDWDOHDVSHWWRSHUFLz ODGHWHUPLQD]LRQHGL XQYDORUHXQLYRFRGDSUHQGHUHLQ
FRQVLGHUD]LRQHDOILQHGLLPSRVWDUHLOWLSRGLODYRUD]LRQHGHOWHUUHQRQRQVHPEUDGLIDFLOH
VROX]LRQH D WDO SURSRVLWR SHUz O
RELHWWLYR QRQ q O
LQGLYLGXD]LRQH GL XQ YDORUH SUHFLVR
DOO
LQWHUQRGHOOHVLQJROHDUHHGHOO
DSSH]]DPHQWRPDGLXQYDORUHVRJOLDGLULIHULPHQWRLQEDVH 
 
 
 
DOTXDOHFRQGXUUHOHFRQVLGHUD]LRQLVXOODYDULDELOLWjVSD]LDOHGHOODUHVLVWHQ]DDOODSHQHWUD]LRQH 
7XWWHTXHVWHFRQVLGHUD]LRQLGLFDUDWWHUHJHQHUDOHKDQQRVSLQWRYHUVRXQ¶DWWHQWDYDOXWD]LRQH
GHJOL HIIHWWL FKH VL SRVVRQR YHULILFDUH D VHJXLWR GHOO¶DGR]LRQH GL WHFQLFKH FRQVHUYDWLYH LQ
FRQIURQWRFRQWHFQLFKHFRQYHQ]LRQDOL 
,O*UDILFRULSRUWDLYDORULGLUHVLVWHQ]DDOODSHQHWUD]LRQHDVHJXLWRGHOOHGLYHUVHRSHUD]LRQLGL
ODYRUD]LRQHGHOWHUUHQRVLSXzYHGHUHFRPHQHOQRQ-ODYRUDWRVLLQFRQWULVXELWRXQDOWRYDORUH
GLUHVLVWHQ]DDOODSHQHWUD]LRQHFKHDXPHQWDQHLSULPLVWUDWLFPILQRDVWDELOL]]DUVLSHU
WXWWRLOSURILORFRQXQFDORGRSRLFP1HO&7LQYHFHVLRVVHUYDQRYDORULPROWREDVVLQHJOL
VWUDWLVXSHUILFLDOLPDDFDXVDGHLFRQWLQXLSDVVDJJLF¶qXQLQQDO]DPHQWRGHOYDORUHILQDOH'DL
FPLQSRLVLQRWDQRYDORULDEEDVWDQ]DVLPLOLPDYHUVRLFPF¶qODVXRODGLODYRUD]LRQHOD
TXDOHIDDO]DUHLOYDORUHGHOSHQHWURPHWURSRUWDQGRORDYDORULPROWRDOWLSHULOUHVWRGHOSURILOR
FRQVLGHUDWR 
 
 
 
*UDILFR-(IIHWWRGHOODPHWRGRORJLDGLODYRUD]LRQHGHOWHUUHQR
VX UHVLVWHQ]D DOOD SHQHWUD]LRQH FRQWHQXWR LGULFR H GHQVLWj
DSSDUHQWH7HEUXJJH 
 
(YDSRUD]LRQHHGHYDSRWUDVSLUD]LRQH 
/¶DFTXD q XQ HOHPHQWR EDVH SHU OD SURGX]LRQH DJULFROD LQ TXDQWR q OD SULQFLSDOH ULVRUVD
OLPLWDQWH SHU LO UHQGLPHQWR GHOOH FROWXUH 6H D TXHVWR VL DJJLXQJH FKH OH SUHFLSLWD]LRQL
DWPRVIHULFKHVRQROHSULQFLSDOLIRUPHGLULIRUQLPHQWRLGULFRSHUOHFROWXUHVLSXzIDFLOPHQWH 
 
 
 
FRPSUHQGHUH FRPH O¶DFTXD VLD XQD ULVRUVD OLPLWDQWH QHOOH SURGX]LRQL DJULFROH 'D TXHVWD
FRQVLGHUD]LRQH GHULYD TXLQGL O¶LPSRUWDQ]D HFRQRPLFD HG DQFKH HWLFD GL XQ¶XWLOL]]D]LRQH
HIILFLHQWHGLWDOHULVRUVDPLJOLRUDQGRODVXDFDSWD]LRQHHODVXDGLVWULEX]LRQHVLDLQDPELHQWL
LUULJXL FKH QRQ LUULJXL ,Q TXHVWL XOWLPL DPELHQWL GRYH OD TXDQWLWj PDVVLPD GL DFTXD
GLVSRQLELOH FRUULVSRQGH DO PDVVLPR DOOD TXDQWLWj WRWDOH IRUQLWD GDOOH SUHFLSLWD]LRQL OD
PDVVLPL]]D]LRQHGHOODSURGX]LRQHSHUXQLWjGLDFTXDSLRYDQDSXzHVVHUHUDJJLXQWDDWWUDYHUVR 
¾ O¶LQFUHPHQWRGHOODFDSDFLWjGLFDSWD]LRQHGHOVXRORFLRqO¶DXPHQWRGHOODSURSULD
capacità  di  campo  e  la  diminuzione  delle  perdite  per  scorrimento  e  drenaggio 
profondo; 
¾ la riduzione delle perdite per evaporazione diretta, conseguita con la protezione del 
VXRORGDOO¶D]LRQHVHFFDQWHGHOVROHHFRQODGLPLQX]LRQHGHOOHSHUGLWHSHUFDSLOODULtà 
HSHUWUDVIHULPHQWRGLYDSRUHDFTXHRGDOVXRORDOO¶DWPRVIHUD 
'LYHUVHVRQROHVWUDWHJLHFKHVLXWLOL]]DQRSHULQFUHPHQWDUHO¶DFTXDGLVSRQLELOHSHUOHFROWXUH
LQDPELHQWLQRQLUULJXLIUDTXHVWHULVDOWDQRPLVXUHGLVLVWHPD]LRQHHPLJOLRUDPHQWRILVLFRGHO
VXRORODURWD]LRQHFROWXUDOHODVFLDQGRDULSRVRLWHUUHQLSHUFHUWLSHULRGLODFRSHUWXUDGHO
WHUUHQRFRQUHVLGXLRFROWXUHGLFRSHUWXUDODVHOH]LRQHGLFXOWLYDUDGDWWHO¶XVRUD]LRQDOHGL
IHUWLOL]]DQWLLQIXQ]LRQHGHOODGLVSRQLELOLWjGHOVXRORHGHOFRQVXPRGLDFTXDGDSDUWHGHOOH
FROWXUHLOFRQWUROORGLPDOHUEHHGLGLYHUVLVLVWHPLGLODYRUD]LRQHGHOWHUUHQR7UDTXHVWLXOWLPL
LVLVWHPLUDJJUXSSDWLQHOOHODYRUD]LRQLFRQVHUYDWLYHKDQQRUDJJLXQWRULVXOWDWLLQWHUHVVDQWLGDO
SXQWR GL YLVWD GHO ULVSDUPLR GHOO¶DFTXD *OL HIIHWWL SULQFLSDOL ULJXDUGDQR VRSUDWWXWWR
O¶HYDSRUD]LRQHO¶HYDSRWUDVSLUD]LRQHHO¶LQILOWUD]LRQH 
/¶HYDSRUD]LRQHqTXHOSURFHVVRFRQLOTXDOHLOWHUUHQRFHGHDFTXDVRWWRIRUPDGLYDSRUHSHU
HIIHWWRGHOODUDGLD]LRQHVRODUHFKHVFDOGDLOVXROR4XHVWRSURFHVVRSRQHQGRXQ¶XPLGLWjGHO
VXROR LQL]LDOH SDUL DOOD FDSDFLWj GL FDPSR HG XQD GRPDQGD HYDSRUDWLYD FRVWDQWH  VL
FDUDWWHUL]]DSHUWUHIDVL 

DIDVH1RQHVVHQGRYLOLPLWD]LRQLGHOODGLVSRQLELOLWjGLDFTXDQHOODVXSHUILFLHODTXDQWLWjGL
DFTXDGHOVXRORHYDSRUDWDGLSHQGHGDOODVRODGRPDQGDHYDSRUDWLYDGHOO¶DWPRVIHUD
FKH UDSSUHVHQWD O¶XQLFR IDWWRUH OLPLWDQWH $ PDQR D PDQR FKH O¶DFTXD HYDSRUD
O¶XPLGLWjGHOODVXSHUILFLHWHQGHDGLPLQXLUHFUHDQGRXQJUDGLHQWHFKHVLDFFHQWXDFRQ
LOSDVVDUHGHOWHPSRGLFRQVHJXHQ]DVLSURGXFHXQIOXVVRGDJOLVWUDWLLQIHULRULGHO
VXRORFKHWHQGHDVRVWLWXLUHO¶DFTXDSHUVDGDOODVXSHUILFLHSURYRFDQGRFRVuDVXD
YROWDXQDSHUGLWDGLXPLGLWjGLTXHVWLXOWLPL,OJUDGXDOHGLVVHFFDPHQWRGHOVXROR
SURYRFDLQROWUHXQDUDSLGDGLPLQX]LRQHGHOODFRQGXFLELOLWjLGULFDODTXDOHFRQGL]LRQD
QHJDWLYDPHQWH LO IOXVVR GL XPLGLWj YHUVR OD VXSHUILFLH DFFHOHUDQGR FRVu LO 
 
 
 
GLVVHFFDPHQWRGLTXHVW¶XOWLPD 
6LDUULYDFRVuDGXQPRPHQWRLQFXLLOJUDGRGLXPLGLWjGHOODVXSHUILFLHqWDOPHQWH
EDVVRFKHVLDSSURVVLPDDTXHOORGHOO¶DWPRVIHUDHGqGDTXHVWRPRPHQWRLQSRLFKH
ODTXDQWLWjGLDFTXDHYDSRUDWDLQL]LHUjDGLPLQXLUH 

DIDVH$SDUWLUHGDOPRPHQWRDSSHQDGHVFULWWRODTXDQWLWjGLDFTXDHYDSRUDWDQRQGLSHQGH
SLGDOO¶DWPRVIHUDEHQVuGDOOHSURSULHWjGHLVXROL,QIDWWLODFRQGXFLELOLWjLGULFDFKH
UHJROD LO IOXVVR GL XPLGLWj GDJOL VWUDWL LQIHULRUL GLPLQXLVFH LQ IXQ]LRQH GHOOD
GLPLQX]LRQH GHOO¶XPLGLWj H GHO WLSR GL WHUUHQR 'LPLQXHQGR LO IOXVVR GL XPLGLWj
GLPLQXLVFH OD ULFDULFD LGULFD H TXLQGL O¶HYDSRUD]LRQH GDOOD VXSHUILFLH 7DOH
GLPLQX]LRQHGLIOXVVRqFRVWDQWHHWHQGHDGDQQXOODUVLPHQWUHODTXDQWLWjGLDFTXD
HYDSRUDWDWHQGHDVWDELOL]]DUVLDYDORULPROWR EDVVL ,O IOXVVRGL XPLGLWjYHUVROD
VXSHUILFLHWHQGHLQROWUHDFDPELDUHLQVWDWRGHOO¶DFTXDWUDVSRUWDWDSDUWHQGRGDXQ
IOXVVRFRQDFTXDSUHYDOHQWHPHQWHDVWDWROLTXLGRVLSDVVDDGXQIOXVVRFRQDFTXD
SUHYDOHQWHPHQWHDOORVWDWRGLYDSRUH&RQLOSURFHGHUHGLWDOLHIIHWWLQHOODVXSHUILFLHVL
IRUPDJHQHUDOPHQWHXQDVSHFLHGLDXWR-SDFFLDPDWXUDFKHFRQWULEXLVFHDIUHQDUHOH
SHUGLWHSHUHYDSRUD]LRQH 

DIDVH,QTXHVW¶XOWLPDIDVHLYDORULGLHYDSRUD]LRQHWHQGRQRDVWDELOL]]DUVLDYDORULPROWR
EDVVL,OIOXVVRDVFHQGHQWHqTXDVLQHOODWRWDOLWjDOORVWDWRGLYDSRUH,OSURILORGHO
WHUUHQRFRQWLQXDDVHFFDUVLSHUzPROWROHQWDPHQWH'DTXDQWRGHWWRVLSXzFDSLUH
FKH SXU DYHQGR GXUDWH PDJJLRUL OD VHFRQGD H OD WHU]D IDVH SUHVHQWDQR YDORUL LQ
HYDSRUD]LRQH FXPXODWD PROWR PLQRUL ULVSHWWR DOOD SULPD 8Q FRQWUROOR HIILFDFH
GHOO¶HYDSRUD]LRQH QHOOD SULPD IDVH SXz TXLQGL ULVXOWDUH IRQGDPHQWDOH SHU LO
PDQWHQLPHQWRGLXQDFHUWDXPLGLWjQHLWHUUHQLVWHVVL 
/H ODYRUD]LRQL SULPDULH LQ SDUWLFRODUH TXHOOH FKH SURYRFDQR LO ULYROWDPHQWR GHO VXROR
DXPHQWDQR VHQVLELOPHQWH OD UXJRVLWj GHOOD VXSHUILFLH H ULGXFRQR O¶DOEHGR IUD]LRQH GL
UDGLD]LRQH LQFLGHQWH FKH YLHQH ULIOHVVD LQGLHWUR LQ WXWWH OH GLUH]LRQL FLz SURYRFD XQD
GLPLQX]LRQH GHOOD UHVLVWHQ]D DO SDVVDJJLR GHO YDSRUH DFTXHR HG XQ DXPHQWR GHO UHJLPH
WHUPLFRGHOVXROR$PERJOLHIIHWWLFRQWULEXLVFRQRDGDXPHQWDUHLOWDVVRGLHYDSRUD]LRQH
VRSUDWWXWWRQHOODSULPDIDVHGHOSURFHVVR 
$OODYLVWDGHOOHFRQVLGHUD]LRQLIDWWHSUHFHGHQWHPHQWHSDUHORJLFRVXSSRUUHFKHXQPRGRSHU
ULGXUUHOHSHUGLWHGLDFTXDSHUHYDSRUD]LRQHSRWUHEEHHVVHUHO¶LQWHUUX]LRQHGHOODSULPDIDVHGHO
SURFHVVRDQWLFLSDQGRO¶LQL]LRGHOODVHFRQGD&LzVLSXzFRQVHJXLUHWUDPLWHXQDODYRUD]LRQH
HVHJXLWDQHOPRPHQWRJLXVWRLQIDWWLWDQWRSLVDUjYLFLQDDOPRPHQWRLQFXLLOWHUUHQRqDOOD
FDSDFLWjGLFDPSRWDQWRPDJJLRUHULVXOWHUjODULGX]LRQHGHOO¶HYDSRUD]LRQHFRPSOHVVLYD,Q 
 
 
 
DOFXQL WHUUHQL SHU ODYRUD]LRQL HVHJXLWH HQWUR OH  RUH D SDUWLUH GDO UDJJLXQJLPHQWR GHOOD
FDSDFLWjGLFDPSRVRQRVWDWHULVFRQWUDWHULGX]LRQLGHOO¶HYDSRUD]LRQHVXSHULRULDO 
/H ODYRUD]LRQL SRVVRQR HVVHUH TXLQGL XWLOL SHU FRQVHUYDUH O¶DFTXD SUHYHQWLYDPHQWH
LPPDJD]]LQDWDQHOVXRORVHPSUHFKH 
¾ si eseguano con la tempera adeguata, ossia, quando lo stato superficiale non è né 
molto umido, altrimenti si provocherebbe una distruzione della struttura; né molto 
secco,  giacFKpLQ WDOFDVRO¶HIILFDFLDGHOODODYRUD]LRQHULVXOWHUHEEH molto  bassa. 
/¶LGHDOHqHVHJXLUOHLQXQWHUUHQRFRQXQ¶umidità poco al di sotto della capacità di 
campo; 
¾ gli intervalli di tempo tra le piogge siano gli adeguati: se fossero eccessivamente 
lunghi  la  riduzione  della  perdita  conseguita  con  la  lavorazione  sarebbe  molto 
piccola o quasi nulla, se, al contrario, le piogge sono eccessivamente frequenti, 
O¶HIILFDFLDVDUHEEHULGRWWD 
*OL VWHVVL ULVXOWDWL FKH VL FRQVHJXRQR FRQ OH ODYRUD]LRQL WDUGLYH ULVSHWWR DOOD FDSDFLWj GL
FDPSR SRVVRQR HVVHUH RWWHQXWL LQ XQ WHUUHQR QRQ ODYRUDWR LQIDWWL SURSULR SHU OD QRQ
DOWHUD]LRQHHGHVSRVL]LRQHGHOORVWUDWRVXSHUILFLDOHYLHQHLQFHQWLYDWDILQGDOODSULPDIDVHGHO
SURFHVVRHYDSRUDWLYRODIRUPD]LRQHGLTXHOODDXWR-SDFFLDPDWXUDSUHFHGHQWHPHQWHGHVFULWWD
SHULOUDSLGRGLVVHFFDPHQWRGHLSULPLFPGLWHUUHQR 
$FFDQWRDOIHQRPHQRHYDSRUDWLYRVLLQVHULVFHTXHOORWUDVSLUDWLYRGHOODSLDQWDQHFHVVDULRSHU
VYROJHUHLOSURFHVVRIRWRVLQWHWLFR 
$OO¶LQL]LRGHOFLFORFROWXUDOHF¶qXQDVXSUHPD]LDGHOO¶HYDSRUD]LRQHYLVWRFKHODFROWXUDQRQq
LQJUDGRGLRFFXSDUHWXWWRLOVXRORSURFHGHQGRFRQORVYLOXSSRODFROWXUDFRPLQFLDLOVXR
SURJUHVVLYRDFFUHVFLPHQWRDUULYDQGRDFRSULUHWXWWRLOVXRORDXPHQWDQGRODWUDVSLUD]LRQH$
OLYHOORSURGXWWLYRXQDSLDQWDFKHWUDVSLUDSRFRVLJQLILFDFKHVWDVRIIUHQGRGLPDQFDQ]DGL
DFTXDHFRPHULVSRVWDILVLRORJLFDFKLXGHJOLVWRPLFRPSRUWDQGRXQFDORGHOODUHVDSURGXWWLYD
GRYXWRDOUDOOHQWDPHQWRGHOODIRWRVLQWHVLHTXLQGLPDQFDWDVLQWHVLGL]XFFKHUL4XHVWRVLJQLILFD
FKHSHUPDVVLPL]]DUHO¶HIILFLHQ]DQHOO¶XVRGHOO¶DFTXDULVXOWDLPSRUWDQWHIDUVLFKHODFROWXUD
³FKLXGD O¶LQWHUILOD´  LO SULPD SRVVLELOH LQ PRGR FKH OD IDVH GL HYDSRUD]LRQH SHUGD
SUHFRFHPHQWH GL LPSRUWDQ]D ULVSHWWR D TXHOOD WUDVSLUDWLYD SHU PDQWHQHUH QHO WHUUHQR XQD
ULVHUYDLGULFDPDJJLRUHIRQGDPHQWDOHQHLPRPHQWLSLGLIILFLOLULWDUGDQGRFRVuO¶LQWHUYHQWR
LUULJXR 
1HOOH WHFQLFKH FRQVHUYDWLYH OD SUHVHQ]D GL UHVLGXL FROWXUDOL VXOOD VXSHUILFLH GHO WHUUHQR
FRQVHQWHGLULGXUUHO¶HYDSRUD]LRQHLQSDUWLFRODUHQHOOHSULPHIDVLGLVYLOXSSRGHOOHJLRYDQL
SODQWXOHIDYRUHQGRXQULVSDUPLRLGULFR,UHVLGXLDJLVFRQRVXOO¶HYDSRUD]LRQHGLPLQXHQGRQHOD 
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VXDLQWHQVLWjHGDOOXQJDQGRODSULPDIDVHGHOSURFHVVR,QTXHVWRVHQVRLOORURHIIHWWRqVLPLOH
DTXHOORSURYRFDWRGDXQDGLPLQX]LRQHGHOODGRPDQGDHYDSRUDWLYDVHLQIDWWLVLULGXFHVVHOR
VSHVVRUH GHOOR VWUDWR GL UHVLGXL DXPHQWHUHEEH SURSRU]LRQDOPHQWH OD TXDQWLWj GL DFTXD
HYDSRUDWD QHOOD SULPD IDVH H VL DFFRUFHUHEEH OD GXUDWD GL TXHVWD /D GLIIHUHQ]D WUD
O¶HYDSRUD]LRQHDFFXPXODWDQHOVXRORQXGRHTXHOODSURGRWWDQHOVXRORFRSHUWRGDUHVLGXLSXz
DXPHQWDUH FRQ LO WHPSR ILQR D UDJJLXQJHUH XQ PDVVLPR D SDUWLUH GDO TXDOH GLPLQXLVFH
WHQGHQGR DG DQQXOODUVL 4XDQWR PDJJLRUH VDUj OR VSHVVRUH GHOOR VWUDWR GL UHVLGXL WDQWR
PDJJLRUHVDUjTXHVWRPDVVLPRHGLOSUROXQJDPHQWRGHLVXRLHIIHWWLQHOWHPSR/DFRSHUWXUD
RIIHUWD GDL UHVLGXL RVWDFROD LO PRYLPHQWR GHOO¶DFTXD FKH ULVDOH GDO WHUUHQR SULPD FKH VL
GLIIRQGDQHOO¶DWPRVIHUDSHUFKpWURYDFRPHLPSHGLPHQWRXQDVSHFLHGLSDFFLDPDWXUDQDWXUDOH
FKHFUHDXQDXPHQWRFRQVLGHUHYROHGHOODUHVLVWHQ]DDOIOXVVR4XHVWDSUDWLFDFRQWULEXLVFH
GXQTXH D FRQVHUYDUH O¶DFTXD QHO WHUUHQR PD KD DQFKH XQD QRWHYROH LPSRUWDQ]D QHOOD
ULGX]LRQHGHOO¶HURVLRQHGHOVXROR,UHVLGXLSRVVRQRLQROWUHLQIOXHQ]DUHLOUHJLPHWHUPLFRGHL
VXROLLOTXDOHLQIOXHQ]DSRVLWLYDPHQWHO¶HYDSRUD]LRQHIDFHQGRGDLVRODQWHHVVLDXPHQWDQR
O¶DOEHGR H ILOWUDQR OD UDGLD]LRQH VRODUH FKH UDJJLXQJH OD VXSHUILFLH GHO VXROR 7DOL HIIHWWL
FRQWULEXLVFRQRSHUFLzDGLPLQXLUHO¶HQHUJLDGLVSRQLELOHSHUO¶HYDSRUD]LRQHLQIXQ]LRQHGHOOR
VSHVVRUHGHOODFRSHUWXUDGLUHVLGXL1HOODULGX]LRQHGHOO¶HYDSRUD]LRQHGHLVXROLQRQFRQWDVROR
ODSUHVHQ]DHORVSHVVRUHGHOORVWUDWRGLUHVLGXLO¶HIILFDFLDGLWDOHULGX]LRQHGLSHQGHDQFKH
GDOOD IUHTXHQ]D GHOOH SUHFLSLWD]LRQL DWPRVIHULFKH OH TXDOL GRYUHEEHUR SURGXUVL TXDQGR OD
GLIIHUHQ]D QHOO¶HYDSRUD]LRQH FXPXODWD WUD LO VXROR FRSHUWR H TXHOOR QXGR q PDVVLPD
/¶HVLVWHQ]DGLXQDUHOD]LRQHGLUHWWDWUDORVSHVVRUHGHOORVWUDWRGLUHVLGXLHODGXUDWDGHOODSULPD
IDVH KD OD VXD LPSOLFD]LRQH SUDWLFD GDO SXQWR GL YLVWD GHOO¶HPHUJHQ]D H GHOO¶LQL]LR GHOOR
VYLOXSSR GHOOD SODQWXOD , UHVLGXL LQIDWWL SHUPHWWRQR FKH OD VXSHUILFLH GHO VXROR ULPDQJD
XPLGDHPDQWHQJDSHUSLWHPSRXQDPELHQWHIDYRUHYROHDOOHSULPHIDVLGLVYLOXSSRGHOOD
FROWXUD,OPDQWHQLPHQWRGHOORVWUDWRGLUHVLGXLSHUPHWWHLQROWUHXQDPLJOLRUHGHVWLQD]LRQH
GHOO¶DFTXD FRQ FROWXUD LQ DWWR QHO SURFHVVR GL SURVFLXJDPHQWR GHL WHUUHQL q PDJJLRUH OD
TXDQWLWjGLDFTXDWUDVSLUDWDGDOOHFROWXUHULVSHWWRDOO¶DFTXDSHUVDSHUHYDSRUD]LRQHLOFKHVL
WUDGXFHLQXQPDJJLRUHDWWLYLWjGHOOHFROWXUHVWHVVHHGLQXQPDJJLRUUHQGLPHQWR$QFKHOD
GLVSRVL]LRQHGHLUHVLGXLQHOODVXSHUILFLHKDLQIOXHQ]DQHOO¶HYDSRUD]LRQHLUHVLGXLODVFLDWLLQ
SLHGLKDQQRXQSLHIILFDFHFRQWUROORFKHJOLVWHVVLWULQFLDWLHGLVWULEXLWLXQLIRUPHPHQWHQHOOD
VXSHUILFLH4XHVWDGLIIHUHQ]DqGDDWWULEXLWHDOUXRORFKHTXHVWLJLRFDQRQHOO¶DWWHQXD]LRQHGHOOD
YHORFLWjGHOYHQWRLQSURVVLPLWjGHOODVXSHUILFLHGHOVXRORTXDQWRSLDOWLVDUDQQRLUHVLGXL
WDQWRSLDFFHQWXDWRVDUjTXHVWRHIIHWWR&DQWHUR0DUWLQH]HWDO*OLHIIHWWLSRVLWLYLGHL
UHVLGXLHGHOOHWHFQLFKHFRQVHUYDWLYHVRQRVWDWLRJJHWWRGLXQRVWXGLREUDVLOLDQRQHOTXDOHVLq 
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YLVWRFKHQHOPDLVODSUHVHQ]DGHLUHVLGXLIDDXPHQWDUHLOJUDGRGLHYDSRWUDVSLUD]LRQHQHLPHVL
SL FDOGL IRUQHQGR TXLQGL XQD UHVD ILQDOH VXSHULRUH DO FRQYHQ]LRQDOH %HUJDPDVFKL H
'DOPDJR  /D ULGX]LRQH GHOO¶HYDSRUD]LRQH SHUPHWWH XQ¶XWLOL]]D]LRQH SL HIILFLHQWH
GHOO¶DFTXDJUD]LHDOODTXDOHVLSRVVRQRULGXUUHLFRVWLGLHYHQWXDOLLQWHUYHQWLGLLUULJD]LRQH 
9LVWR L FRQVXPL G¶DFTXD FKH LO PDLV ULFKLHGH FLUFD  -  PF SHU FLFOR SRWHU
ULVSDUPLDUH VXOO¶LUULJD]LRQH JDUDQWLVFH XQ UHGGLWR PDJJLRUH SHU O¶DJULFROWRUH 4XHVWR KD
IDYRULWRLQPROWH]RQHO¶DGR]LRQHGLTXHVWHWHFQLFKHDOLYHOORHVWHQVLYRSHUULGXUUHLFRVWLPD
FUHDQGRDQFKHEHQHILFLDPELHQWDOLOHJDWLDOODULGX]LRQHGL&2HPHVVDQHOO¶DPELHQWHGXUDQWH
O¶DWWLYLWjLUULJXD 
,O*UDILFRPHWWHLQHYLGHQ]DFRPHQHOOHWHFQLFKHGLQRQODYRUD]LRQHGHOWHUUHQRFLVLDXQ
DXPHQWR GHOO¶DWWLYLWj HYDSRWUDVSLUDWLYD QHL SHULRGL SL LPSRUWDQWL SHU LO PDLV FKH VRQR OD
ILRULWXUD H LO ULHPSLPHQWR JUDQHOOD SRUWDQGR TXLQGL OD SLDQWD QHOOH PLJOLRUL FRQGL]LRQL
SURGXWWLYH 
 
 
*UDILFR5DSSRUWRWUD(7F17(7F&7 
 
9HORFLWjGLLQILOWUD]LRQH 
/¶DFTXD XQD YROWD FKH UDJJLXQJH LO VXROR SXz LQILOWUDUVL R ULPDQHUH LQ VXSHUILFLH HG
HYHQWXDOPHQWHHVVHUHHYDSRUDWDRWUDVSRUWDWDDYDOOHVHLWHUUHQLVRQRSHQGHQWL$IILQFKpVL
ULGXFDODTXDQWLWjGLDFTXDFKHQRQULHVFHDGLQILOWUDUVLELVRJQDDXPHQWDUHODFDSDFLWjGL 
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LQILOWUD]LRQHGHOVXROR9DULFRUGDWRFKHVLGHYHDYHUHXQEXRQJUDGRGLLQILOWUD]LRQHLQTXDQWR
VHLOULVWDJQRVXSHUILFLDOHULPDQHWURSSRDOXQJRSRVVRQRLQVRUJHUHIHQRPHQLGLDVILVVLD/H
ODYRUD]LRQLGDVHPSUHKDQQRFHUFDWRGLDXPHQWDUHO¶DFTXDLQILOWUDWDDJHQGRVXOO¶DEEDVVDPHQWR
GHOOD GHQVLWj DSSDUHQWH H IRUPDQGR XQD VXSHUILFLH GHO WHUUHQR PROWR VFDEURVD 4XHVWL
FDPELDPHQWL KDQQR XQ FDUDWWHUH WHPSRUDOH H OD ORUR SHUVLVWHQ]D GLSHQGH GDOOD VWDELOLWj
VWUXWWXUDOH GHO VXROR H GDOO¶DJJUHVVLYLWj GHJOL DJHQWL HVWHUQL ,QGLSHQGHQWHPHQWH GDOOD
ODYRUD]LRQHO¶HIIHWWRqGLXQDURWWXUDGHOODVWDELOLWjVWUXWWXUDOHUDJJLXQWDQHOWHUUHQRQHOFRUVR
GHOWHPSRDOORVFRSRGLIDYRULUQHQRWHYROPHQWHODYHORFLWjGLLQILOWUD]LRQHDVFDSLWRGHOOR
VFRUULPHQWR VXSHUILFLDOH 7XWWDYLD O¶LPSDWWR SRVLWLYR GHOOD ODYRUD]LRQH VXO YROXPH LGULFR
WRWDOH LQILOWUDWR q OLPLWDWR H GRYXWR HVFOXVLYDPHQWH DG XQ DXPHQWR GHOOD FDSDFLWj GL
LPPDJD]]LQDPHQWR QHOOR VWUDWR ODYRUDWR ILQR DOOD VDWXUD]LRQH GHOOR VWHVVR /¶HVLVWHQ]D GL
TXHVWDOLPLWD]LRQHQHOYROXPHLPPDJD]]LQDWRqTXDVLVHPSUHFRQVHJXHQ]DGHOO¶XVRVEDJOLDWR
RGHOO¶DEXVRGHOODODYRUD]LRQH ,QROWUHLVLVWHPLFKHFRQWULEXLVFRQRDOO¶LQFRUSRUD]LRQHGHL
UHVLGXLROWUHDIDYRULUHODUDSLGDPLQHUDOL]]D]LRQHGHOODVRVWDQ]DRUJDQLFDHGLOFRQVHJXHQWH
GHWHULRUDPHQWR GHOOD VWDELOLWj VWUXWWXUDOH GHJOL DJJUHJDWL ODVFLDQR OD VXSHUILFLH GHO VXROR
WRWDOPHQWH HVSRVWD DOOH DJJUHVVLRQL GLUHWWH GHOOD SLRJJLD H GHO YHQWR ,QIDWWL O¶LPSDWWR
PHFFDQLFR GHOOH JRFFH GL SLRJJLD H OH DOWHUQDQ]H XPLGRVHFFR FRQWULEXLVFRQR DOOD
GLVJUHJD]LRQH HG DOOD VXFFHVVLYD GLVSHUVLRQH GHOOH SDUWLFHOOH GHO WHUUHQR IDFLOLWDQGR OD
FUHD]LRQHGLXQRVWUDWRVRWWLOHFKHVLJLOODODVXSHUILFLHGHOWHUUHQR&RQLOGLVVHFFDPHQWRWDOH
VWUDWR VL LQGXULUj H IRUPHUj XQD FURVWD FRQ DOWD LPSHGHQ]D PHFFDQLFD FKH OLPLWHUj
O¶LQILOWUD]LRQHGHOO¶DFTXDSLRYDQDRLUULJXDHUHQGHUjGLIILFLOHO¶HPHUJHQ]DGHOOHSODQWXOH$OWUD
FRQVHJXHQ]DIUHTXHQWHGHOOHODYRUD]LRQLqODIRUPD]LRQHGLXQDVXRODGLODYRUD]LRQH4XHVWR
VWUDWR GLPLQXLVFHODFDSDFLWjGL LQILOWUD]LRQHGHOVXRORQHO VXRSURILORROWUHDG HVVHUHXQ
RVWDFRORSHUODSHQHWUD]LRQHGHOVLVWHPDUDGLFDOH3HUURPSHUODHSHURYYLDUHDLVXRLHIIHWWL
QHJDWLYLELVRJQDULFRUUHUHDOODULSXQWDWXUDHGDOFDPELDPHQWRGHOVLVWHPDGLODYRUD]LRQLFKHVL
HVHJXRQR QHL WHUUHQL SRLFKp VH QRQ YHQJRQR PRGLILFDWH OH SUDWLFKH ODYRUDWLYH OR VWUDWR
WHQGHUj D FRQVROLGDUVL GL QXRYR H JOL HIIHWWL FRUUHWWLYL GHOOD ULSXQWDWXUD VYDQLUDQQR HQWUR
TXDOFKHDQQR 
'DTXDQWRYLVWRJOLHIIHWWLDOXQJRWHUPLQHGHOOHODYRUD]LRQLVXOO¶LQILOWUD]LRQHGLDFTXDQHO
VXRORVRQRIUHTXHQWHPHQWHQHJDWLYLDOFRQWUDULRO¶DGR]LRQHGLWHFQLFKHFRQVHUYDWLYHROWUHD
SURGXUUH ULVXOWDWL QHWWDPHQWH PLJOLRUL VXOO¶LQILOWUD]LRQH GHOO¶DFTXD PLJOLRUD OD FRQGXWWLYLWj
LGUDXOLFD OD GHQVLWj DSSDUHQWH OD SHUFHQWXDOH GL DJJUHJD]LRQH H OD FDSDFLWj GL VFDPELR
FDWLRQLFRQHOORVWDWRVXSHUILFLDOHGHOVXROR 
8QDOWURHIIHWWRQRQGHVLGHUDWRGHOODODYRUD]LRQHqODURWWXUDGHLELRSRULFUHDWLGDOOHUDGLFL 
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GHOOHFROWXUHSUHFHGHQWLHGDOODPHVRIDXQDGHOVXRORORPEULFKLIRUPLFKHHFFWXWWHTXHOOH
SLFFROHIHVVXUHFKHFRVWLWXLVFRQRYLHSUHIHUHQ]LDOLSHUO¶HQWUDWDGHOO¶DFTXDSLRYDQDQHOVXROR
&LzqLPSRUWDQWHVRSUDWWXWWRTXDQGRO¶LQWHQVLWjGLSLRJJLDVXSHUDODFDSDFLWjGLLQILOWUD]LRQH
TXHVWLPDFURSRULLQIDWWLIDFLOLWDQRLOGUHQDJJLRGHOO¶DFTXDHSHUPHWWRQRFKHHVVDSHQHWULQHO
VRWWRVXRORLQXPLGHQGRWXWWRLOVXRSURILORFRQUDSLGLWj6HPHGLDQWHOHODYRUD]LRQLVLURPSHVVH
ODFRQWLQXLWjGLTXHVWLFRQGRWWLLOIHQRPHQRGHVFULWWRVPHWWHUHEEHGLULSURGXUVLDIDYRUHGLXQD
PLQRUHULFDULFDLGULFDOXQJRLOSURILORGHOWHUUHQRHGLXQPDJJLRUVFRUULPHQWRVXSHUILFLDOH/D
QRQ-ODYRUD]LRQHSHUPHWWHLQYHFHFKHWDOLPDFURSRULULPDQJDQRLQWDWWLROWUHDIDYRULUHFRQLO
PDQWHQLPHQWRGHLUHVLGXLVXOODVXSHUILFLHHQHOVXRORLOQXWULPHQWRGHOODPHVRIDXQDXWLOHSHU
ODORURIRUPD]LRQH/¶DVVHQ]DGLODYRUD]LRQHLQIDWWLULWDUGDLOSURFHVVRGLGHFRPSRVL]LRQHGHOOH
UDGLFLGHOOHFROWXUHSUHFHGHQWLSHUPHWWHQGRFKHLORPEULFKLOHXWLOL]]LQRFRPHDOLPHQWRH
SUROLILFKLQRFRQLOSDVVDUHGHOWHPSR 
8Q HIIHWWR GHULYDWR GDOOD PHFFDQL]]D]LRQH q LO FRPSDWWDPHQWR SURGRWWR GDO WUDIILFR GHOOH
PDFFKLQH LQIDWWL DO GL VRWWR GHOOH RUPDLH F¶q XQ LQFUHPHQWR GHOOD GHQVLWj DSSDUHQWH H
GHOO¶LPSHGHQ]DPHFFDQLFDDOODSHQHWUD]LRQHGHOOHUDGLFLVRSUDWWXWWRTXDQGRWDOLSDVVDJJLVL
YHULILFDQRLPPHGLDWDPHQWHGRSRXQDODYRUD]LRQH&LzSXzSRUWDUHDGXQFDORGHOODSRURVLWj
WRWDOHHGHOODFRQGXWWLYLWjDVDWXUD]LRQHHIIHWWLFKHTXDVLVHPSUHSHJJLRUDQRO¶LQILOWUD]LRQH
GHOO¶DFTXD QHO VXROR D IDYRUH GL XQ PDJJLRU VFRUULPHQWR VXSHUILFLDOH LQ SDUWLFRODUH LQ
FRUULVSRQGHQ]DGHOOHRUPDLH4XHVWRULVFKLRQRQHVLVWHQHLVLVWHPLGLQRQ-ODYRUD]LRQHSXU
UHDOL]]DQGR DOFXQH SUDWLFKH FRPXQL DL VLVWHPL FRQYHQ]LRQDOL TXDOL OD VHPLQD OD
IHUWLOL]]D]LRQHLOWUDWWDPHQWRFKLPLFRHODUDFFROWD,WHUUHQLODYRUDWLFRQWHFQLFKHFRQVHUYDWLYH
LQIDWWL SUHVHQWDQR XQD PLJOLRUH VWUXWWXUD OD TXDOH ROWUH D DG HVVHUH PHQR VXVFHWWLELOH DO
FRPSDWWDPHQWRPDQWLHQHXQDEXRQDSHUPHDELOLWjDQFKHGRSRXQEXRQQXPHURGLSDVVDJJL
,QROWUHTXHVWHWHFQLFKHULFKLHGRQRPHQRSDVVDJJLLQFUHPHQWDQGRXOWHULRUPHQWHODTXDQWLWj
SRWHQ]LDOHGLDFTXDLQILOWUDELOHYLVWRFKHODVWUXWWXUDQRQYLHQHPROWRVROOHFLWDWD/¶DEEDQGRQR
GL UHVLGXL GHOOD FROWLYD]LRQH SUHFHGHQWH VXOOD VXSHUILFLH FRQWULEXLVFH FRQVLGHUDWDPHQWH DG
DXPHQWDUHODFDSDFLWjGLLQILOWUD]LRQHGHLVXROL&LzVLGHYHSULQFLSDOPHQWHDOODFRVWLWX]LRQHGL
XQDYHUDHSURSULDSURWH]LRQHILVLFDFRQWURO¶D]LRQHPHFFDQLFDGHOODJRFFLDGLSLRJJLDOD
TXDOHFRQODVXDD]LRQHEDWWHQWHWHQGHDFHPHQWDUHODVXSHUILFLHGHLWHUUHQL,QIDWWLLQXQ
WHUUHQRFRSHUWRGDUHVLGXLYHJHWDOLVLSURGXFRQRSHUGLWHSHUVFRUULPHQWRVXSHUILFLDOHGLPROWR
LQIHULRULULVSHWWRDWHUUHQLQXGLRQHLTXDOLOHVWRSSLHVRQRVWDWHLQWHUUDWHREUXFLDWHHFLzVL
ULSHUFXRWHIDYRUHYROPHQWHQHOODULGX]LRQHGHOO¶HURVLRQHLGULFD4XHVWRDVSHWWRDVVXPHPROWD
LPSRUWDQ]DDQFKHSHUVXROLFRQXQDGHWHUPLQDWDSHQGHQ]DFKHSRVVRQRDYYDQWDJJLDUVLGLXQ
DXPHQWRGLDFTXDLQILOWUDWDPDVRSUDWWXWWRGLXQDULGX]LRQHGHOUXVFHOODPHQWRVXSHUILFLDOH 
 
 
 
7XWWH TXHVWH FRQVLGHUD]LRQL KDQQR SRUWDWR D YDOXWDUH LQ WHUPLQL TXDQWLWDWLYL O¶HQWLWj
GHOO¶DFTXDFKHVLLQILOWUDQHOVXRORWUDOHWHFQLFKHFRQYHQ]LRQDOLHGLQRQODYRUD]LRQH0UDEHW
5LQXQDULFHUFDKDSRUWDWRLQHYLGHQ]DFRPHO¶DGR]LRQHGLWHFQLFKHGLQRQODYRUD]LRQH
FRPSRUWLQRXQDXPHQWRGHOODTXDQWLWjGLDFTXDLQILOWUDWDULVSHWWRDOOHWHFQLFKHFRQYHQ]LRQDOL
*UDILFR 
 
 
 
*UDILFR-(IIHWWRGHOO¶DGR]LRQHGLWHFQLFKHFRQYHQ]LRQDOLHGLQRQ
ODYRUD]LRQHGHOWHUUHQRVXOODTXDQWLWjGLDFTXDLQILOWUDWDPPPLQ 
 
/¶HIIHWWRFRQVHUYDWLYRHSURWHWWLYRGHLUHVLGXLHODVWDELOLWjVWUXWWXUDOHGHWHUPLQDXQDIXQ]LRQH
GLFRQWLQXLWjFKHSHUPHWWHGLPDVVLPL]]DUHO¶LQILOWUD]LRQH 
$ELG0H/DO5LQROWUHKDQQRFRQVWDWDWRDQFKHLQWHUUHQLQRQGUHQDWLODVXSHULRULWj
GHOOHODYRUD]LRQLFRQVHUYDWLYHFRPHVLSXzYHGHUHGDO*UDILFR/DFRQWLQXLWjILVLFDGHLSRUL
LQIDWWLIDVLFKHDQFKHLQVLWXD]LRQLQRQRWWLPDOLO¶DFTXDULHVFDDGDYHUHGHOOHYLHGLLQJUHVVR
FKHSHUPHWWRQRLOVXRDFFXPXORULVSHWWRDWHFQLFKHFRQYHQ]LRQDOL  
 
 
 
 
*UDILFR-(IIHWWRGHOO¶DGR]LRQHGLWHFQLFKHFRQYHQ]LRQDOLHQRQ
GLQRQODYRUD]LRQHVXOODTXDQWLWjGLDFTXDLQILOWUDWDPPPLQLQ
XQWHUUHQRQRQGUHQDWR 
 
 
5LVSRVWHGHOPDLVDOOHYDULD]LRQLGLXPLGLWjQHLYDULVWUDWLGLWHUUHQRHQHJOLVWDGL
IHQRORJLFL 
&DUDWWHULVWLFKHJHQHUDOLGHOODSLDQWDHGHOODFROWXUDGHOPDLV 
,OPDLV=HDPD\V/qXQDSLDQWDDQQXDOHDSSDUWHQHQWHDOODIDPLJOLDGHOOH*UDPLQDFHDHH
DOODWULEGHOOH7ULSVDFHDH0D\GHDH/DVSHFLHqGRWDWDGLQRWHYROHSROLPRUILVPRVRSUDWWXWWR
SHUTXDQWRULJXDUGDODIRUPDHODFRPSRVL]LRQHGHOOHFDULRVVLGL/DFROWXUDGHOPDLVYLHQH
ODUJDPHQWHSUDWLFDWDLQPROWH]RQHGHOJORERWHUUHVWUHHUDSSUHVHQWDLOWHU]RFHUHDOHGRSR
JUDQRHULVRSHUSURGX]LRQHHGLIIXVLRQH%DOGRQLDQG*LDUGLQL$WWXDOPHQWHLQ,WDOLDOD
VXSHUILFLHLQYHVWLWDqGLFLUFDGLGLKDHUDSSUHVHQWDSHULO1RUG,WDOLDODFROWXUD
PDJJLRUPHQWHFROWLYDWDYLVWDODQRWHYROHSURGX]LRQHVLDGLELRPDVVDFKHGLJUDQHOOD 
/DSLDQWDqFRPSRVWDGDXQXQLFRVWHORJURVVRHFDUQRVR/¶LQILRUHVFHQ]DPDVFKLOHqXQD
SDQQRFFKLDSRVWDDOO¶DSLFHGHOODSLDQWD O¶LQILRUHVFHQ]DIHPPLQLOHqXQDVSLJDSRVWDQHOOD
SDUWH FHQWUDOH DOO¶DVFHOOD GHOOH IRJOLH /H VSLJKH SRWHQ]LDOPHQWH SRWUHEEHUR VYLOXSSDUVL
DOO¶DVFHOODGLRJQLVLQJRODIRJOLDPDLQFRQGL]LRQLQRUPDOLGLFROWXUDODSLDQWDQHSURGXFHXQD
RGXH 
    
 
 
 
/¶DSSDUDWRUDGLFDOHqGLWLSRIDVFLFRODWRFRPSRVWRGDWUHWLSRORJLHGLUDGLFL 
¾ 3ULPDULHRVHPLQDOLKDQQRRULJLQHGLUHWWDGDOVHPHODORURIXQ]LRQHVLHVDXULVFH
QHJOLVWDGLJLRYDQLOL 
¾ 6HFRQGDULH R DYYHQWL]LH KDQQR RULJLQH GDOOD FRURQD SRVWD DOOD EDVH GHOOD
SLXPHWWD±FPVRWWRODVXSHUILFLHGHOWHUUHQRLQL]LDQRODORURIXQ]LRQHDOFXQL
JLRUQLGRSRO¶HPHUJHQ]DHWHUPLQDQRLOORURVYLOXSSRFRQODILRULWXUD 
¾ $HUHHKDQQRRULJLQHGDLSULPLGXHRWUHQRGLIXRULWHUUDHSHUPHWWRQRXQRWWLPDOH
DQFRUDJJLRDOWHUUHQR 
/DSLDQWDGLPDLVVHJXHWUHGLIIHUHQWLIDVLGLVYLOXSSREHQGLVWLQWH 
¾ *HUPLQD]LRQHHDWWHFFKLPHQWRUDSSUHVHQWDODSULPDIDVHGLDFFUHVFLPHQWRGHOOD
SLDQWDGRYHVL DVVLVWHDOO¶HPHUJHQ]DGHOODSODQWXODHDOORVYLOXSSRGHOO¶DSSDUDWR
UDGLFDOHSULPDULRDVSHVDGHOOHVRVWDQ]HGLULVHUYDFRQWHQXWHQHOVHPH$OWHUPLQHGL
TXHVWDIDVHVLRVVHUYDQR±IRJOLHVURWRODWHHO¶LQL]LRGHOORVYLOXSSRGHOOHUDGLFL
VHFRQGDULHFKHFRVWLWXLUjO¶DSSDUDWRUDGLFDOHYHURHSURSULR 
¾ 6YLOXSSR YHJHWDWLYR LQ TXHVWD IDVH OD SLDQWD LQL]LD OD VXD YLWD DXWRQRPD H OD
FRVWLWX]LRQHGHOOHVWUXWWXUHULSURGXWWLYH'RSR±JLRUQLGDOODVHPLQDFRPLQFLD
LOIHQRPHQRGLDOOXQJDPHQWRGHJOLLQWHUQRGLGHQRPLQDWROHYDWDDOWHUPLQHGHOOD
TXDOHODSLDQWDUDJJLXQJHODVXDDOWH]]DPDVVLPDHGHVSRQHDOO¶HVWHUQRO¶RUJDQR
ULSURGXWWLYR PDVFKLOH /¶DSSDUDWR UDGLFDOH VHFRQGDULR VL VYLOXSSD LQ PDQLHUD
SDUDOOHOD DOO¶DOOXQJDPHQWR GHO FXOPR ILQR D UDJJLXQJHUH OR VYLOXSSR PDVVLPR
DOO¶LQL]LRGHOODILRULWXUD 
¾ )LRULWXUD H PDWXUD]LRQH GHOOD JUDQHOOD LQ TXHVWD IDVH OD SLDQWD DFFXPXOD OD
SURGX]LRQHVRWWRIRUPDGLVRVWDQ]HGLULVHUYDDOO¶LQWHUQRGHOODJUDQHOOD/RVWDGLRGL
PDWXUD]LRQH YLHQH GHILQLWR D VHFRQGD GHOOD VWUXWWXUD H GHOOH FDUDWWHULVWLFKH
GHOO¶HQGRVSHUPDLQ 
  0DWXUD]LRQHODWWHDLOFRQWHQXWRULFFRGL]XFFKHULVLWURYDDOORVWDWROLTXLGR 
  0DWXUD]LRQH FHURVD LO FRQWHQXWR VL SUHVHQWD FRQGHQVDWR LQ DPLGR H FRQ
FRQVLVWHQ]DSDVWRVD 
  0DWXUD]LRQHILVLRORJLFDLOFRQWHQXWRDVVXPHFRQVLVWHQ]DIDULQRVD 
3HUYDOXWDUHQHOPLJOLRUHGHLPRGLO¶DSSRUWRGLHOHPHQWLQXWULWLYLDOODFROWXUDVLGHYHWHQHUHLQ
considerazione le sottrazioni e le quantità che la coltura è in grado di trovare nel terreno. I 
sistemi conservativi hanno la caratteristica di aumentare nel tempo la disponibilità di elementi 
nutritivi e la loro stratificazione lungo il profilo, in particolar modo nella non lavorazione 
(Tabaglio,  2007).  Per  tale  motivo  è  opportuno  localizzare  la  disponibilità  di  fosforo  e  
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potassio, nella zona di deposizione del seme. Nella transizione da tecnica convenzionale a non 
ODYRUD]LRQH O¶DSSRUWR D]RWDWR GHYH WHQHU FRQWR FKH LQ WDOL WHUUHQL YL q XQ DXPHQWR GHOOD
necessità  di  azoto,  conseguente  alla  maggiore  denitrificazione  e  immobilizzazione 
GHOO¶HOHPHQWRDWDOHULJXDUGRVLFRQVLJOLDQHOFDOFRORGHJOLDSSRUWLD]RWDWLGLDXPHQWDUHOD
quantità normalmente distribuita alla semina di 30-50 kg N/ha. Superato tale stadio, la scelta 
può ricadere sulla ORFDOL]]D]LRQHGHOO¶HOHPHQWRQXWULWLYRDOODVHPLQDRSSXUHVXOO¶XWLOL]]RGL
concimazione organica. La prima scelta risulta molto indicata e vantaggiosa, soprattutto nella 
non lavorazione, in quanto gli interventi in copertura non esplicano i migliori risultati, si deve 
però valutare attentamente la zona di deposizione al fine di evitare danni alla plantula in 
accrescimento. La seconda è più adatta alla tecnica convenzionale che alla non lavorazione, 
dato il maggiore interramento dei residui, mentre nella non lavorazione è comunque possibile 
effettuare concimazione organica PDVRSUDWWXWWRDWWUDYHUVRO¶DSSRUWR di liquami (Tabaglio, 
2007).  La  dose  da  somministrare,  varia  a  seconda  delle  caratteristiche  del  terreno  e  
GHOO¶DYYLFHQGDPHQWRFROWXUDOH9LHQHGLYLVD in due epoche, la prima, come già descritto viene 
distribuita alla semina, la seconda in copertura lungo la fila e nella pratica convenzionale 
interrata mediante sarchiatura (Baldoni e Giardini, 2000).   
La  semina  è  la  fase  più  importante  del  ciclo  produttivo  della  pianta,  per  questo  si  deve 
VFHJOLHUHDWWHQWDPHQWHO¶HSRFDODSURIRQGLWjHO¶LQYHVWLPHQWRLQEDVHDOOHFDUDWWHULVWLFKHGHO
WHUUHQR/¶HSRFDGLVHPLQDqLQIOXHQ]DWDGDOODWHPSHUDWXUDGHOWHUUHQRLQIDWWLLO mais non 
germina con temperature inferiori a 10°C, ma trova la sua temperatura ottimale a 15°C dove il 
tempo di emergenza si aggira intorno a 10 giorni. Attualmente però si tende a dare inizio alla 
semina,  raggiunta  la  temperatura  di  10°C  a  5±10  cm  di  profondità,  per  avere  fioritura 
anticipata  con  maggiori  probabilità  di  sfuggire  al  periodo  critico  della  siccità  estiva  e 
anticipare la raccolta (Baldoni and Giardini, 2000). La profondità di semina rappresenta un 
ulteriore  fattore  da  tenere  in  considerazione,  deve  permettere  di  realizzare  le  migliori 
condizioni  idriche  e  di  temperatura  vicino  al  seme.  Generalmente  la  profondità  si  aggira 
intorno ai 5-6 cm ma in terreni secchi o letti con preparazione grossolana è preferibile far 
scendere la profondità a 6-8 cm. Questa seconda scelta può causare delle problematiche legate 
alla lenta emergenza, che può favorire attacchi parassitari e aumentare il rischio di incontrare 
crosta  superficiale  che  aumenta  la  difficoltà  delle  piantine  di  fuoriuscire  dal  terreno. 
/¶LQYHVWLPHQWRqGHILQLWRFRPHODGHQVLWjGLVemina che permette di ottenere un determinato 
numero di piante per m
2/DGHQVLWjULVXOWDYDULDELOHFRQO¶LEULGRLPSLHJDWRODIHUWLOLWjGHO
WHUUHQRHO¶DQGDPHQWRFOLPDWLFR/¶LQYHVWLPHQWRRWWLPDOHJHQHUDOPHQWHVLDWWHVWDLQWRUQRD-8 
piante/ m
2 per gli ibridi precoci e a 5,5±6,5 piante/ m
2 per ibridi a pieno ciclo. A seconda delle  
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FDUDWWHULVWLFKH GHOO¶DPELHQWH GL FROWLYD]LRQH H GHOOD WHFQLFD GL ODYRUD]LRQH GHO WHUUHQR
O¶LQYHVWLPHQWRWHRULFRGHYHHVVHUHPRGLILFDWRHDXPHQWDWRSHUSHUPHWWHUHGLRWWHQHUHLO valore 
desiderato (Baldoni e Giardini, 2000).  
 
5LFKLHVWHLGULFKHGHOODFROWXUDQHOOHGLYHUVHIDVLIHQRORJLFKHGLVYLOXSSR 
Il  mais  è  una  coltura  FKH ULFKLHGH QRWHYROL YROXPL G¶Dcqua  durante  tutto  il  suo  ciclo: 
indicativamente siamo tra i 5000-6000 mc/ha (pari a 500-600 mm G¶acqua). Nonostante questi 
valori di richiesta idrica, è una coltura molto efficiente e poco dispersiva QHOO¶XVRGHOOD risorsa 
idrica rispetto a colture come il frumento o altri cereali, essenzialmente grazie alla particolare 
struttura fogliare in cui la fissazione del carbonio avviene in modo più funzionale attraverso il 
meccanismo fotosintetico C4 facendo diminuire il grado di apertura degli stomi necessario per 
il suo assorbimento, con conseguente riduzione delle perdite d'acqua. Un altro aspetto che 
UHQGHTXHVWDSLDQWDFRPSHWLWLYDQHOO¶XVRGHOO¶DFTXDULJXDUGDODSURIRQGLWjUDJJLXQWDGDO suo 
apparato  radicale  che  può  arrivare  anche  aO PHWUR GL SURIRQGLWj DQFKH VH O¶DVVRUELPHQWR
massimo di acqua lo abbiamo fino a 50 cm. Questo significa che se al mais viene data la 
possibilità di espandersi in profondità può sfruttare al meglio le riserve idriche presenti e 
risentire meno, in termini produttivi, della mancanza di acqua. 
'XUDQWHLOVXRFLFORODSLDQWDULFKLHGHGLYHUVLYROXPLG¶DFTXDFKHGLSHQGRQRVLDGDOODIDVH
IHQRORJLFDFKHGDOWLSRGLWHUUHQRLQFXLYLHQHFROWLYDWD1HJOLVWDGLGLJHUPLQD]LRQHHSODQWXOD
GDDJLRUQLGRSRODVHPLQDqULFKLHVWDVRORXQDSLFFROLVVLPDTXDQWLWjGLDFTXDQHO
WHUUHQRSHUIDUJHUPLQDUHLOVHPHPDqHVVHQ]LDOHODVXDSUHVHQ]DQHLSULPLFPGLVXRORSHUOD
SURGX]LRQHGLSLDQWLQHIRUWL1HLWHUUHQLDWHVVLWXUDPHGLDHLQTXHOOLRUJDQLFLODULFKLHVWD
LGULFDqQRUPDOPHQWHVRGGLVIDWWDGDOODSLRJJLD,QWHUUHQLVDEELRVLO
LUULJD]LRQHSXzHVVHUH
ULFKLHVWDSHUIDUJHUPRJOLDUHLOVHPHHDVVLFXUDUQHXQRVYLOXSSRDGHJXDWRGDWRFKHODVDEELD
KDXQDVFDUVDFDSDFLWjGLWUDWWHQXWDLGULFD 
'XUDQWH OD IDVH GL UDSLGD FUHVFLWD  D  JLRUQL GRSR OD VHPLQD OD SLDQWD GL PDLV q
DEEDVWDQ]DWROOHUDQWHDOORVWUHVVLGULFR,OWDVVRGLFRQVXPRGLDFTXDqLQUDSLGRDXPHQWRPD
XQDULGX]LRQHDQFKHGHOGHOODFDSDFLWjGLWUDWWHQXWDLGULFDQRQFRPSRUWDVLJQLILFDWLYL
GDQQL6XWHUUHQLFRQWHVVLWXUDPHGLDHWHUUHQLRUJDQLFLO
LUULJD]LRQHqUDUDPHQWHQHFHVVDULD
GXUDQWHTXHVWRSHULRGRPHQWUHVXWHUUHQLVDEELRVLVLULFRUUHDOO¶LUULJD]LRQHGDOODPHWjILQRDOOD
ILQHGLTXHVWDIDVHGHOFLFORSHUVRSSHULUHDOFRQWLQXRFDORGLDFTXD 
/DIDVHULSURGXWWLYDGDXQDVHWWLPDQDSULPDGHOO¶HPLVVLRQHGHOOHVHWHDGXHVHWWLPDQHGRSR
O¶HPLVVLRQHGHOSHQQDFFKLRqLOSHULRGRSLFULWLFRSHULOPDLV,OWDVVRGLXWLOL]]RGHOO
DFTXDq 
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DO VXR SXQWR SL DOWR H VH LO FOLPD q FDOGR OH SLDQWH KDQQR ELVRJQR GL PROWD DFTXD SHU
PDQWHQHUVLWXUJLGHHGHIILFLHQWLÊIRQGDPHQWDOHTXLQGLSDUWLUHGDOODFDSDFLWjGLFDPSRGHO
VXRORDOO
LQL]LRGLTXHVWRSHULRGR6SHVVREDVWDXQDVLQJRODLUULJD]LRQHXQDVHWWLPDQDSULPD
GHOO¶HPLVVLRQHGHOOHVHWHSHUVRGGLVIDUHOHHVLJHQ]HFROWXUDOLHPDVVLPL]]DUHODSURGX]LRQH6X
WHUUHQLVDEELRVLLQYHFHSRVVRQRHVVHUHULFKLHVWLSLLQWHUYHQWLGLVWDQ]LDWLDQFKHGLSRFKLJLRUQL
SHUFROPDUHODPDQFDQ]DG¶DFTXDFDXVDWDGDOO¶DOWRWDVVRGLHYDSRWUDVSLUD]LRQH 
1HJOLVWDGLGLULHPSLPHQWRGHOODJUDQHOODGDGXHVHWWLPDQHGRSRO¶HPLVVLRQHGHOOHVHWHDO
SXQWR QHUR OD SLDQWD GL PDLV q SL UHVLVWHQWH DJOL VWUHVV ULVSHWWR DO SHULRGR ULSURGXWWLYR
ULFKLHGHQGRFRPXQTXHXQDFHUWDTXDQWLWjG¶DFTXDSHUFRPSOHWDUHORVYLOXSSRGHOODFDULRVVLGH
Ê DXVSLFDELOH ULPDQHUH VRSUD OD PHWj GHOOD FDSDFLWj GL WUDWWHQLPHQWR LGULFR GHO VXROR SHU
IDYRULUH XQR VYLOXSSR UHJRODUH GHOOD FDULRVVLGH ILQR D PDWXUD]LRQH ILVLRORJLFD
6XFFHVVLYDPHQWHODGLVSRQLELOLWjGLDFTXDSXzULGXUVLVHQ]DSHULFRORGLFDORGLUHQGLPHQWR
7HUUHQLDWHVVLWXUDPHGLDHILQHHRUJDQLFLSRVVRQRULFKLHGHUHXQDVRODLUULJD]LRQHGXUDQWH
TXHVWRSHULRGRDVHFRQGDGHOODTXDQWLWjGLSLRJJLDFDGXWDPHQWUHVXWHUUHQLVDEELRVLSHUQRQ
DYHUHVLJQLILFDWLYHSHUGLWHSURGXWWLYHVDUjQHFHVVDULRHIIHWWXDUHDOPHQRGXHDGDFTXDWH 
 
3RWHQ]LDOLSHUGLWHGLUHVDSHUVLQJRODIDVHIHQRORJLFDGLVYLOXSSR 
/DSUHVHQ]DGLVWUHVVLGULFLGRYXWLDOODPDQFDQ]DG¶DFTXDSRVVRQRDYHUHHIIHWWLGLYHUVLVXOOD
UHVD ILQDOH LQ IXQ]LRQH GHO PRPHQWR LQ FXL VL YHULILFDQR 2JQL VWDGLR IHQRORJLFR FRPH
DEELDPRYLVWRKDXQYDORUHVRJOLDGLXPLGLWj ROWUHLOTXDOHODSLDQWDQRQVLWURYDSLLQ
FRQGL]LRQLRWWLPDOLULGXFHQGROHVXHSHUIRUPDQFHGLFUHVFLWDPDWUDOHGLYHUVHIDVLDOFXQH
VRQRSLVLJQLILFDWLYHQHOODGHILQL]LRQHGHOODSURGX]LRQHILQDOH 
'DOODQDVFLWDDO9RWWDYDIRJOLDVSLHJDWDRYYHURFLUFDVHWWLPDQHGRSRODVHPLQDVLDVVLVWH
DOOD IRUPD]LRQH GHOOD SLDQWD FRQ OD GHILQL]LRQH GHOOH IRJOLH H GHOOD ORUR GLPHQVLRQH /D
SUHVHQ]DGLDOWHWHPSHUDWXUHVWLPRODLOSURFHVVRHYDSRUDWLYRSRUWDQGRDGXQFDORGHOO¶XPLGLWj
QHO VXROR FKH VH QRQ RSSRUWXQDPHQWH ULSULVWLQDWR FRPSRUWD FDOL GL UHVD ILQDOH GRYXWL DOOD
ULGRWWDGLPHQVLRQHGHOODSLDQWDHGHOOHIRJOLH,OFDORGLGLPHQVLRQHIRJOLDUHQRQFUHDSUREOHPL
VHULJXDUGDXQDVLQJRODIRJOLDPDVHVLYHULILFDVXWXWWHVLFRPSURPHWWHODORURHIILFLHQ]D
IRWRVLQWHWLFD SRUWDQGR DG XQD ULGX]LRQH PDVVLPD GHOOD UHVD ILQDOH GL FLUFD LO  FRPH
GLPRVWUDLO*UDILFR 
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*UDILFR-3HUGLWHGLUHVDGHULYDQWLGDOODULGX]LRQHGHOO
DUHDIRJOLDUH
GDOO
HPHUJHQ]DDOODIDVH9DFDXVDGLVWUHVVLGULFL 
 
'DOOD IDVH 9 DOOD 9 WXWWH OH IRJOLH VRQR VSLHJDWH H VL KD O¶LQL]LR GHOO¶HPLVVLRQH GHO
SHQQDFFKLR RYYHUR GD  VHWWLPDQH D  JLRUQL GRSR O¶HPHUJHQ]D FLUFD VL GHILQLVFH OD
GLPHQVLRQHGHOODVSLJD LQ WHUPLQL GL OXQJKH]]DH GLDPHWUR QXPHUR UDQJKL 4XHVWHVRQR
FDUDWWHULVWLFKHJHQHWLFKHWLSLFKHGHOO¶LEULGRPDVHLQWHUYHQJRQRVWUHVVSRVVRQRFRPSRUWDUH
XQDULGX]LRQHGHOQXPHURGLUDQJKLVXOODVSLJDLQJHQHUHHTXLQGLXQDSHUGLWDGLUHVD
ILQDOH,QSDUWLFRODUHGDOODIDVH9DOO¶HPLVVLRQHGHOSHQQDFFKLRVLGHILQLVFHODGLPHQVLRQH
GHOODVSLJDLQWHUPLQLGLOXQJKH]]DFDULRVVLGLSHUUDQJR,QVHJXLWRDFDUHQ]HLGULFKHOH
SHUGLWHLQTXHVWDIDVHSRVVRQRRVFLOODUHWUDLOHLO'DO*UDILFRSRVVLDPRYHGHUH
FRPHGXUDQWHLOSURFHVVRGLDFFUHVFLPHQWRLOSHUGXUDUHGHOSHULRGRGLVWUHVVGHWHUPLQLFDOLGL
UHVDYLDYLDSLVLJQLILFDWLYLILQRDVWDELOL]]DUVLVXXQYDORUHPDVVLQRLQWRUQRDO 
 
*UDILFR-3HUGLWHGLUHVDFDXVDWHGDSHULRGLGLVWUHVVLGULFRGXUDQWH
LOSHULRGRFKHYDGDOODIDVH9DOO
HPLVVLRQHGHOSHQQDFFKLR  
 
 
 
/RVWDGLRIHQRORJLFRGLHPLVVLRQHGHOOHVHWHqTXHOORSLGHOLFDWRGLWXWWRLOFLFORFROWXUDOHH
SXzFRPSRUWDUHODSHUGLWDGLJUDQSDUWHGHOODSURGX]LRQHVHOHDOWHWHPSHUDWXUHHPDQFDQ]DGL
DFTXD SHUGXUDQR D OXQJR /H DOWH WHPSHUDWXUH LQIDWWL SRVVRQR IDU SHUGHUH OD FDSDFLWj
JHUPLQDWLYDDOSROOLQHSULPDFKHDUULYLDIHFRQGDUHOHVHWHLQROWUHLQFRQGL]LRQLGLVWUHVVOD
SLDQWDQRQULHVFHDIHFRQGDUHWXWWHOHFDULRVVLGLFRPSURPHWWHQGRODUHVDILQDOH,QTXHVWDIDVH
GLIILFLOPHQWHVLULHVFHDGDUHXQDPPRQWDUHGHOODSHUGLWDGLUHVDSRWHQ]LDOH8QDYDOXWD]LRQH
GHOO¶LPSROOLQD]LRQHSXzHVVHUHIDWWDHVDPLQDQGRODOXQJKH]]DGHOOHVHWHLQTXDQWRSLOXQJDq
ODVHWDPHQRHIILFLHQWHqVWDWRLOSURFHVVRGLLPSROOLQD]LRQHSHUFKpODVHWDFRQWLQXDDFUHVFHUH
ILQFKpQRQVLYHULILFDO
LPSROOLQD]LRQHRILQRDTXDQGRQRQYLHQHGDQQHJJLDWD 
/DYDOXWD]LRQHGHOQXPHURGLFDULRVVLGLIHFRQGDWHDVHJXLWRGLLPSROOLQD]LRQHSXzDLXWDUHD
GHWHUPLQDUHODSURGX]LRQHILQDOH8QSHULRGRGLVLFFLWjLQTXHVWRVWDGLRIHQRORJLFRSXzULGXUUH
OHUHVHGDODOSHUFHQWR$QFRUDXQDYROWDLOIDWWRUHFKLDYHqSHUTXDQWRDOXQJRODVLFFLWj
SHUGXUD H LO PRPHQWR LQ FXL DYYLHQH , PDJJLRUL GDQQL  VL SRVVRQR DYHUH VXELWR GRSR
O¶HPLVVLRQHGHOOHVHWHSRLFRQLOSDVVDUHGHOWHPSRO¶HIIHWWRQHJDWLYRFDOD 
,Q FRQFOXVLRQH QHOOD FROWXUD GHO PDLV OD IDVH SL LPSRUWDQWH FKH SXz SRUWDUH D IRUWL FDOL
SURGXWWLYLqODIDVHGHOO¶HPLVVLRQHGHOOHVHWHVHJXLWDGDOODIDVH³9DO9´HSHUILQLUHODIDVH
GLULHPSLPHQWRJUDQHOOD 
7XWWHTXHVWHFRQVLGHUD]LRQLSHUPHWWRQRGLIRUPDUHOD7DEHOODFKHPHWWHLQHYLGHQ]DSHUOH
VLQJROH IDVL IHQRORJLFKH O¶HQWLWj GHOO¶DFTXD HYDSRWUDVSLUDWD H O¶HYHQWXDOH FDOR GL UHVD VH
LQWHUYHQJRQRVWUHVVLGULFL 
)$6()(12/2*,&$  (7PPG  3(5',7$5(6$
GVWUHVV 
(PHUJHQ]D-IRJOLH    - 
IRJOLH-IRJOLH    - 
IRJOLH-IRJOLH    - 
IRJOLH-IRJOLH     
IRJOLH-HPLVSHQQDFFKLR     
,PSROOLQD]LRQH     
0DWXUD]LRQHDFTXRVD     
0DWXUD]LRQHODWWHD     
0DWXUD]LRQHFHURVDPRUELGD     
0DWXUD]LRQHFHURVDGXUD     
0DWXUD]LRQHILVLRORJLFD     
7DEHOOD - 4XDQWLWj GL DFTXD HYDSRWUDVSLUDWD H SRWHQ]LDOL SHUGLWH GL UHVD SHU GLYHUVH IDVL
IHQRORJLFKHGHOPDLV  
 
 
 
'DOOD WDEHOOD VL HYLQFH FRPH OD IDVH SL FULWLFD VLD OD IDVH DQWHFHGHQWH H VXFFHVVLYD DOOD
ILRULWXUDFRQYDORULGLDFTXDSHUVDYLFLQLDJOLPPG4XHVWRVRWWROLQHDFRPHVLDLPSRUWDQWH
GDUHPROWDDWWHQ]LRQHDOODGRWD]LRQHLGULFDGHO VXRORSHULQWHUYHQLUHWHPSHVWLYDPHQWHFRQ
LUULJD]LRQLLQFDVRGLVLFFLWjDOILQHGLULGXUUHLGDQQLGDVWUHVV 
 
5HOD]LRQHWUDWLSRORJLHGLODYRUD]LRQLGHOWHUUHQRVXOSRWHQ]LDOHLGULFRH
VXOOHSRVVLELOLLQVWDXUD]LRQLGLFRQGL]LRQLGLVWUHVV 
,OPDLVFRPHGHWWRLQSUHFHGHQ]DKDXQDSSDUDWRUDGLFDOHPROWRHVWHVRFKHJOLSHUPHWWHGL
UDJJLXQJHUHQRWHYROLSURIRQGLWjULGXFHQGRODSRVVLELOLWjGLLQFRUUHUHLQVWUHVVLGULFL5LVXOWD
SHUzHVVHQ]LDOHIDYRULUQHXQRVYLOXSSRFRUUHWWRFKHSHUPHWWDDOODSLDQWDGLVIUXWWDUHDOPHJOLR
OH ULVHUYH LGULFKH SUHVHQWL LQ SURIRQGLWj 6X TXHVWR DVSHWWR FRQWD PROWR LO UXROR GHOOH
ODYRUD]LRQL FKH GHYRQR HOLPLQDUH TXHOOD FRPSDWWH]]D SUHVHQWH QHO VXROR SHU IDYRULUH XQR
VYLOXSSRUHJRODUH1HOWHUUHQRPHVVRLQFROWXUDDGRWWDQGROHWHFQLFKHGLQRQODYRUD]LRQH
VRSUDWWXWWR QHOOH IDVL LQL]LDOL GHO FLFOR OD SUHVHQ]D GL XQR VWUDWR FRPSDWWR SXz ULVXOWDUH
SUREOHPDWLFR LQ TXDQWR SXz GHWHUPLQDUH IDOODQ]H LQ IDVH GL JHUPLQD]LRQH LQROWUH VH LO
FRPSDWWDPHQWRKDXQRVSHVVRUHFRQVLGHUHYROHORVYLOXSSRGHOODSODQWXODULVXOWDIRUWHPHQWH
FRPSURPHVVR1HOOHIDVLLQL]LDOLGHOFLFORLQIDWWLODSLDQWDQRQqLQJUDGRGLVYLOXSSDUHIRU]H
GL SHQHWUD]LRQH HOHYDWH H TXLQGL YD GDWD SDUWLFRODUH DWWHQ]LRQH D TXHVWR DVSHWWR SHU QRQ
FRPSURPHWWHUH OH UHVH ILQDOL$OWUR DVSHWWR ULJXDUGD OD SRVVLELOLWj FKH LQ FDVR GL SLRJJH
O¶DFTXD FKH DUULYD QRQ SXz LQILOWUDUVL FRPSOHWDPHQWH SRUWDQGR D IHQRPHQL GL ULVWDJQR
VXSHUILFLDOHRGLHURVLRQHTXDORUDLWHUUHQLVLDQRLQSHQGLR 
1HO FDVR GHOOH ODYRUD]LRQL FRQYHQ]LRQDOL L SUREOHPL FKH SRVVRQR LQFRUUHUH ULJXDUGDQR
O¶HFFHVVLYRVPLQX]]DPHQWRGHOVXRORFKHSXzIDYRULUHIHQRPHQLHYDSRUDWLYLPROWRLQWHQVL
QHOODSULPDIDVHGHOFLFORFROWXUDOHSRUWDQGRDGXQDPDJJLRUHGLIILFROWjGLJHUPLQD]LRQHVHLO
WHUUHQRVLHVVLFFDWURSSR$OWURDVSHWWRULJXDUGDODSUHVHQ]DGHOODVXRODGLODYRUD]LRQHFKHQRQ
SHUPHWWHGLIDYRULUHXQRVYLOXSSRLQSURIRQGLWjGHOODUDGLFLFRQFRQVHJXHQWHHQWUDWDLQVWUHVV
SUHFRFHGHOODSLDQWD 
6HPSUHVRWWRO¶DVSHWWRLGULFRDVVXPHXQDFHUWDLPSRUWDQ]DYDOXWDUHLOFRQWHQXWRGLXPLGLWjLQ
IXQ]LRQHGHOSRWHQ]LDOHLGULFRGHOVXROR4XHVWRSDUDPHWURGHILQLVFHODIRU]DFKHODSLDQWD
GHYHHVHUFLWDUHSHUHVWUDUUHXQDGHWHUPLQDWDTXDQWLWjGLDFTXDGDOVXROR,OYDORUHGLSUHVVLRQH
PLVXUDWRqLQYHUVDPHQWHSURSRU]LRQDOHDOYDORUHGLXPLGLWjLQIDWWLSLFDODO¶XPLGLWjGHOVXROR
SLDXPHQWDODIRU]DFKHODSLDQWDGHYHHVHUFLWDUHSHUHVWUDUUHDFTXD,QXQWHUUHQRVLSRVVRQR
LQGLYLGXDUHGXHSDUDPHWULFKHVRQROD&DSDFLWjGL&DPSR&&HLO&RHIILFLHQWHR3XQWRGL 
 
 
 
$SSDVVLPHQWR3$FKHGHILQLVFRQRLOUDQJHHQWURLOTXDOHODSLDQWDSXzDVVRUELUHDFTXD,O
SRWHQ]LDOH LGULFR DVVXPH XQD FHUWD LPSRUWDQ]D SHU OR VYLOXSSR UDGLFDOH YLVWR FKH YD D
FRQGL]LRQDUHODTXDQWLWjGLDFTXDHVWUDLELOHHYDULDLQIXQ]LRQHGLGXHSDUDPHWULLPSRUWDQWL 
¾  TESSITURA  E  STRUTTURA:  nel  caso  in  cui  si  operi  in  presenza  di  un 
potenziale  matriciale  corrispondente  all'intervallo  acqua  disponibile,  si  ha  che 
all'aumentare del contenuto in argilla la densità apparente tende a diminuire rispetto ad 
un terreno limoso-sabbioso. Il maggior contenuto di colloidi si accompagna ad una 
superiore capacità di trattenuta idrica, oltre alla migliore struttura del suolo in grado di 
garantire  una  buona  dotazion  di  acqua  disponibile  e  anche  una  soddisfacente 
aerazione; non solo, una buona struttura comporta un maggior numero di micropori, 
attraverso i quali le radici possono insinuarsi continuando il loro processo di crescita 
(Gerard C. J. et al., 1982). $OFRQWUDULRO¶DVVHQ]DGLXQDEXRQDVWUXWWXUDHODPDJJLRUH
forza d'attrito tra le particelle di sabbia, oltre alla ridotta capacità di trattenuta, sono 
all'origine della maggiore forza opposta dal suolo alla penetrazione.  
,QFRUULVSRQGHQ]DGLXQSRWHQ]LDOHPDWULFLDOHHOHYDWRFRQSRFDDFTXDGLVSRQLELOHVL
KDXQDPDJJLRUHLPSHGHQ]DPHFFDQLFDLQXQWHUUHQRDUJLOORVRDVHJXLWRGHOOHIRU]HGL
DWWUD]LRQHFKHVLYHQJRQRDFUHDUHWUDLVLQJROLFROORLGL3XULQSUHVHQ]DGLGHQVLWj
DSSDUHQWLLQIHULRULVLKDFRPXQTXHXQLQFUHPHQWRGHOODUHVLVWHQ]DDOODSHQHWUD]LRQH
FRPHGLPRVWUDODSUHVHQ]DGLXQRVWUDWRFRPSDWWDWRVXSHUILFLDOHQHOFDVRGLXQWHUUHQR
DUJLOORVR-OLPRVRSHULOTXDOHVLKDQQRYDORULOLPLWHGLUHVLVWHQ]DDOODSHQHWUD]LRQHSL
EDVVL&-*HUDUG/
LQFLGHQ]DGHOOHVLQJROHFRPSRQHQWLJUDQXORPHWULFKHVXOOD
UHVLVWHQ]D GHO WHUUHQR DOOD SHQHWUD]LRQH VL WUDGXFH QHOOD SUHVHQ]D DOO
LQWHUQR GHOOR
VWHVVR DSSH]]DPHQWR GL XQD GLIIHUHQWH VLWXD]LRQH VXOOD EDVH GHOOD YDULDELOLWj GHOOD
WHVVLWXUDWDQWRGDSRWHULSRWL]]DUHODFRVWUX]LRQHGLFXUYHGLLVRGHQVLWjDSSDUHQWHFRQ
OHTXDOLULVDOLUHDVHFRQGDGHOODGLYHUVDLQFLGHQ]DGHOOHFRPSRQHQWLJUDQXORPHWULFKH
VXOODWHVVLWXUDDOODUHVLVWHQ]DDOODSHQHWUD]LRQHLQFRQWUDWDGDOOHUDGLFLGHOODFROWXUDQHL
GLYHUVLSXQWL'DGGRZ5/H:DUULQJWRQ*( 
¾  LAVORAZIONI O¶DGR]LRQH GL WHFQLFKH FRQYHQ]LRQDOL SXz IDU YDULDUH OD
struttura del terreno e quello che si è visto da degli studi è il crollo del contenuto idrico 
QHL SULPL VWUDWL VXSHUILFLDOL GL VXROR GRYXWR DOOD SHUGLWD GHL SRUL FUHDWL O¶DQQDWD
SUHFHGHQWHFKHSHUPHWWRQRXQDFRQVHUYD]LRQHGHOO¶DFTXDQHLSULPLFP Questi pori 
infatti consentono il mantenimento GHOO¶XPLGLWjOXQJo tutto il profilo permettendo alla 
pianta di avere più acqua spalmata uniformemente nel suolo. Da questa considerazione 
si  evince,  come  nel  convenzionale  la  pianta  ad  un  certo  punto,  trovi  un  salto  di  
 
 
 
continuità dei pori che portano ad un calo di umidità, con conseguente aumento del 
potenziale  e  anticipo  stress  idrico.  Nel  non  lavorato  si  osserva  invece  una 
conservazione  della  struttura  che  garantisce  valori  di  umidità  elevati  a  potenziali 
relativamente  bassi.  Questo  assume  una  certa  importanza  in  quanto  permette  di 
favorire una rapidità di germinazione e quindi velocizzazione del ciclo. Questi effetti 
positivi,  vengono  ampliati  se  sono  presenti  residui  che  si  interpongono  alle 
precipitazioni preservando la struttura. Va sottolineato però che affinché si verifichi 
ciò, il terreno non deve essere stato compattato troppo dal passaggio di macchine e 
attrezzi. Inoltre si è messo in evidenza che più un terreno viene lavorato più cala il 
valore di acqua trattenibile dal suolo ad una pressione disponibile per le colture. Con 
VXROLWURSSRFRPSDWWLVLLQVHULVFHODGLIILFROWjGLSHQHWUD]LRQHHO¶HFFHVLYDXPLGLWj
causata da un eventuale ristagno può diventare un problema. In uno studio Adib M. e 
Lal R., (2008) hanno visto come nei primi 10 cm di terreno ci sia una supremazia delle 
tecniche di non lavorazione rispetto alle convenzionali per quanto concerne l¶DFTXD
immagazzinabile e il relativo potenziale idrico. Dal Grafico 10 si evince che il terreno 
non lavorato trattiene una maggiore quantità di acqua a potenziali bassi, mentre cala 
DOO¶DXPHQWDUHGHOSRWHQ]LDOHPDVHPSUHLQPLVXUDPLQRUHULVSHWWRal terreno condotto 
con tecniche convenzionali (Da Veiga M., 2008). 
 
 
*UDILFR-4XDQWLWjG
DFTXDWUDWWHQXWDDGLYHUVHWHQVLRQLLQWHUUHQL
FRQGRWWL FRQ ODYRUD]LRQH FRQYHQ]LRQDOH H QRQ
ODYRUD]LRQH 
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2ELHWWLYL 
 
4XHVWDWHVLVLSURSRQHO¶RELHWWLYRGLDQDOL]]DUHJOLHIIHWWLGLGLIIHUHQWLWHFQLFKHGLODYRUD]LRQH
GHOWHUUHQRVXOFRQWHQXWRLGULFRQHOVXRORQHOODFROWXUDGHOPDLV=HDPD\V//HWLSRORJLHGL
ODYRUD]LRQH SUHVH LQ HVDPH VRQR TXHOOD FRQYHQ]LRQDOH &RQYHQWLRQDO 7LOODJH OD PLQLPD
ODYRUD]LRQH0LQLPXP7LOODJHHODVHPLQDVXVRGR1R7LOODJH&LDVFXQDGLHVVHqSUDWLFDWD
LQ XQ GLYHUVR DSSH]]DPHQWR QHO TXDOH VRQR VWDWH GLVSRVWH WUH VRQGH WLSR 6(17(.
(19,526&$13/86RJQXQDGHOOHTXDOLqLQJUDGRGLULOHYDUHO¶XPLGLWjGHOWHUUHQRRJQL
FPILQRDGXQDSURIRQGLWjPDVVLPDGLFP,YDORULVRQRDFTXLVLWLRJQLPLQXWLSHURJQL
OLYHOORGLSURIRQGLWjTXHVWLVDUDQQRSRLHODERUDWLSHUGHULYDUQHXQWUHQGLGULFR$FFDQWRDOOH
VRQGH VRQR VWDL SUHOHYDWL GHL FDPSLRQL LQGLVWXUEDWL GL WHUUHQR SHU OD GHWHUPLQD]LRQH GHOOD
WHVVLWXUDHGHOOHULVSHWWLYHFXUYHGLULWHQ]LRQHLGULFDSHUDVVRFLDUHLOOLYHOORGLXPLGLWjDGXQ
OLYHOOR GL WHQVLRQH /¶RELHWWLYR q TXHOOR GL GHWHUPLQDUH L OLYHOOL GL WHQVLRQHXPLGLWj D FXL
FRUULVSRQGRQRLSDUDPHWULUHODWLYLDOOD&DSDFLWjGL&DPSRHDO3XQWRGL$YYL]]LPHQWRSHU
YHGHUH OH GLIIHUHQ]H QHO FRQWHQXWR G¶DFTXD GLVSRQLELOH WUD OH GLYHUVH WHVL HG LQGLYLGXDUH
HYHQWXDOLSHULRGLGLVWUHVVLGULFR'XUDQWHODVWDJLRQHFROWXUDOHVHPSUHLQSURVVLPLWjGHOOH
VRQGHVLVRQRVYROWHGHOOHSURYHGLLQILOWUD]LRQHFRQORVFRSRGLRVVHUYDUHOHGLYHUVHYHORFLWj
GLLQILOWUD]LRQHLQROWUHVLqPRQLWRUDWRORVYLOXSSRGHOODFROWXUDUHJLVWUDQGRODWHPSLVWLFDGHOOH
GLYHUVHIDVLIHQRORJLFKHFRQO¶RELHWWLYRGLFRQIURQWDUHLSHULRGLGLVWUHVVWUDOHGLYHUVHWHVLLQ
IXQ]LRQH GHOOD IDVH IHQRORJLFD GL VYLOXSSR DQ]LFKp LQ IXQ]LRQH GHL VHPSOLFL JLRUQL GL
FDOHQGDULR,QILQHVRQRSUHVHLQFRQVLGHUD]LRQHOHSHUIRUPDQFHSURGXWWLYHGHOPDLVYDOXWDQGR
OHSURGX]LRQLSHUXQLWjGLVXSHUILFLHPDDQFKHSHUVLQJRODSLDQWDFRQO¶RELHWWLYRGLHVFOXGHUH
O¶HIIHWWRGRYXWRDLGLYHUVLLQYHVWLPHQWLFROWXUDOL 
    
 
 
 
 
    
 
 
0DWHULDOHHPHWRGL 
 
'HVFUL]LRQHGHOVLWR 
/H SURYH VL VRQR VYROWH SUHVVR O¶D]LHQGD 3LORWD 'LPRVWUDWLYD ³6DVVH 5DPL´ GL 9HQHWR
$JULFROWXUDXELFDWDQHOFRPXQHGL&HUHJQDQRLQSURYLQFLDGL5RYLJR,QTXHVW¶D]LHQGDVRQRLQ
FRUVRGDOSURYHGLFRQIURQWRWUDWHFQLFKHGLODYRUD]LRQHGHOWHUUHQRGLOXQJDGXUDWD
Questa  azienda  svolge  attività  nei  settori  delle  colture  erbacee,  della  frutticoltura  e  della 
]RRWHFQLD/¶D]LHQGDSUHVHQWDXQDVXSHUILFLHDJUDULDWRWDOH6$7GLFLUFDHWWDULHGXQD
superficie  agraria  utilizzabile  (SAU)  di  circa  180  ettari.  Si  presenta  divisa  in  due  corpi 
fondiari di circa 100 ha ciascuno: un corpo fondiario a est (Az. Sasse) ed un corpo fondiario a 
ovest (Az. Rami) interdistanti circa 2 chilometri O¶uno GDOO¶altro; entrambi si trovano censiti 
nel  catasto  terreni  del  comune  di  Ceregnano,  tranne  una  quota  parte  pari  al  30%  della 
superficie del corpo fondiario ³Rami´, che è ubicata invece nel comune di Rovigo. Il centro 
D]LHQGDOHqVLWXDWRQHOO¶D]LHQGD6DVVHHGLVWDFLUFDXQ chilometro dal centro di Ceregnano. 
Qui si sono volte le prove sfruttando 3 diversi DSSH]]DPHQWL)LJXUDFLDVFXQRGLGHLTXDOL
qVWDWRPHVVRLQFROWXUDVIUXWWDQGRXQDGLYHUVDWHFQLFDGLODYRUD]LRQHGHOWHUUHQR 
-  Lavorazione convenzionale con aratro (Conventional Tillage ³&7´) 
-  Minima lavorazione senza inversione degli strati (Minimum Tillage ³07´) 
-  Non lavorazione (No Tillage ³17´) nota anche come semina su sodo. 
 
 
 
)LJXUD  &DPSL VSHULPHQWDOL
QHOO¶LPPDJLQH GD VDWHOOLWH
VRQRVWDWLPHVVLLQHYLGHQ]DJOL
DSSH]]DPHQWL JHVWLWL FRQ
GLYHUVH WHFQLFKH GL
ODYRUD]LRQHLQD]]XUURTXHOOR
FRQGRWWR FRQ WHFQLFKH GL
ODYRUD]LRQH FRQYHQ]LRQDOH
&7 LQ YHUGH TXHOOR FRQ
PLQLPD ODYRUD]LRQH 07 H
LQDUDQFLRQHTXHOORFRQODQRQ
ODYRUD]LRQH17  
 
 
 
 
Il terreno è di deposizione alluvionale, di origine calcarea con una tessitura argillo-limosa, ed 
un profilo omogeneo che interessa uno strato della profondità di 800 mm. Il contenuto in 
sostanza  orgDQLFD q GL FLUFD O¶ H LO rapporto  C/N  è  intorno  a  13.  La  falda  è 
approssimativamente a 2 metri di profondità ad eccezione del periodo autunnale nel caso in 
cui si verifichino fenomeni piovosi, durante i quali il livello può arrivare anche a 0,6 - 0,7 
metri di profondità. 
 
$QGDPHQWRFOLPDWLFR 
, GDWL FOLPDWLFL VRQR VWDWL IRUQLWL GDOO¶$53$9 -$JHQ]LD 5HJLRQDOH SHU OD 3UHYHQ]LRQH H
3URWH]LRQH$PELHQWDOHGHO9HQHWR&HQWUR0HWHRURORJLFRGL7HROR-HVLULIHULVFRQRDOSHULRGR
FKHYDGDDSULOHDODJRVWRHVRQRVWDWLULOHYDWLQHOODYLFLQDVWD]LRQHPHWHRURORJLFDGL
9LOODGRVH52 
La temperatura media nel periodo vegetativo è stata di 20,6°C con minime di 4,1°C il 24 
aprile e massime di 38,1°C il 23 agosto. Sono caduti in totale 149 mm di pioggia in 13 eventi 
piovosi: molti di questi sono stati inferiori a 5 mm e solo 5 eventi hanno superato i 15 mm. 
Gli andamenti delle temperature sono osservabili nel Grafico 11, mentre quelli relativi alle 
precipitazioni atmosferiche sono riportati nel Grafico 12. 
 
 
*UDILFR-$QGDPHQWRGHOOHWHPSHUDWXUHPDVVLPHPHGLHHPLQLPHJLRUQDOLHUHUHJLVWUDWHGDO
DSULOHDODJRVWRQHOODVWD]LRQH$53$9GL9LOODGRVH52  
 
 
 
 
 
*UDILFR-$QGDPHQWRGHOOHSUHFLSLWD]LRQLUHJLVWUDWHGDODSULOHDODJRVWRQHOOD
VWD]LRQH$53$9GL9LOODGRVH52 
 
,WLQHUDULRWHFQLFR 
In ciascuno dei tre appezzamenti, che rappresentano rispettivamente le diverse tesi, si sono 
adottate  differenti  lavorazioni  del  terreno  e  operazioni  colturali  tipiche  delle  tecniche  di 
³ODYRUD]LRQHFRQYHQ]LRQDOH´³PLQLPDODYRUD]LRQH´H³QRQODYRUD]LRQH´RVHPLQDVXVRGR
/¶LWLQHUDULRWHFQLFRDGRWWDWRqVFKHPDWL]]DWRQHOOHTabelle 2, 3 e 4 suddivise divise per singoli 
interventi. 
 
APPEZZAMENTO 77 (CT, Conventional Tillage) 
  Operazione  Trattore  Macchina operatrice  Data 
Aratura  Fiat 1880  Trivomere (Moro)  15/09/2010 
Erpicatura (falsa semina)  Fiat 160/90  Erpice rotante (Breviglieri)  03/03/2011 
Tratt. erbicida (Roundup)  New Holland 75 L  Irroratrice (Hardy)  05/04/2011 
Concimazione (pre-semina)  Fiat 70/90  Spandiconcime (Bogballe)  11/04/2011 
Erpicatura  Fiat 160/90  Erpice rotante (Breviglieri)  13/04/2011 
Semina mais  Fiat 70/90  Seminatrice (Matermacc 6 file)  14/04/2011 
Tratt. Erbicida (pre-emergenza)  New Holland 75 L  Irroratrice (Hardy)  18/04/2011 
Sarchiatura    New Holland TN 75   Sarchio 6 file  18/05/2011 
7DEHOOD-,WLQHUDULRWHFQLFRDGRWWDWRSHUODODYRUD]LRQHFRQYHQ]LRQDOH&7  
 
 
 
 
 
 
 
7DEHOOD-,WLQHUDULRWHFQLFRDGRWWDWRSHUODPLQLPDODYRUD]LRQH07 
 
 
 
7DEHOODLWLQHUDULRWHFQLFRDGRWWDWRSHUODVHPLQDVXVRGR17 
 
Nei tre diversi appezzamenti di prova la coltura precedente è stata il frumento e la situazione 
iniziale si presentava con un terreno preparato e affinato per la tesi CT, con una parziale 
presenza di residui colturali superficiali nella tesi MT. Nella tesi NT, a causa del terreno 
troppo compatto  che non avrebbe permesso  una semina regolare si  è resa necessaria una 
dissodatura, un intervento fondamentale per creare un ambiente consono a ricevere il seme e 
SHUPHWWHUHXQEXRQRVYLOXSSRGHOO¶DSSDUDWRLSRJHRGHOOHSLDQWH.  
 
APPEZZAMENTO 80 (MT, Minimum Tillage) 
  Operazione  Trattore  Macchina operatrice  Data 
Dissodatura  Fiat 160/90  Dissodatore (Dante)  18/09/2010 
Erpicatura (falsa semina)  Fiat 160/90  Erpice rotante (Breviglieri)  03/03/2011 
Tratt. erbicida (Roundup)  New Holland 75 L  Irroratrice (Hardy)  05/04/2011 
Concimazione (pre-semina)  Fiat 70/90  Spandiconcime (Bogballe)  11/04/2011 
Erpicatura  Fiat 160/90  Erpice rotante (Breviglieri)  13/04/2011 
Semina mais  Fiat 70/90  Seminatrice (Matermacc 6 file)  14/04/2011 
Tratt. erbicida (pre-emergenza)  New holland 75 L  Irroratrice (Hardy)  18/04/2011 
Sarchiatura    New Holland TN 75   Sarchio 6 file  18/05/2011 
 
APPEZZAMENTO 83 (NT, No-Tillage) 
  Operazione  Trattore  Macchina operatrice  Data 
Dissodatura  Fiat 160/90  Kverneland  04/04/2011 
Concimazione (pre-semina)  Fiat 70/90  Spandiconcime (Bogballe)  18/04/2011 
Semina mais (su sodo)  Kubota 130  Seminatrice Bertini  19/04/2011 
Tratt. erbicida (post-emergenza)  New Holland 75 L  Irroratrice (Hardi)  23/05/2011 
Concimazione con urea a spaglio   Fiat 70/90  Spandiconcime (Bogballe)  31/05/2011  
 
 
 
Le operazioni di concimazione si sono effettuate in pre-semina apportando, su ciascuna delle 
tre prove, un quantitativo di 350 kg/ ha di 8-24-24, mentre in copertura si è distribuita una 
dose di urea di 400 kg/ha attraverso una operazione di sarchiatura peri il CT e MT mentre per 
il  NT  con  una  concimazione  a  spaglio,  in  quanto  la  tecnica  della  sarchiatura  non  è 
contemplata dalle misure del PSR per questa tipologia di agricoltura conservativa . 
Gli interventi di diserbo hanno impiegato il Lumax alla dose di 4 l/ha in pre-emergenza il per 
il CT e MT mentre per il sodo è stato fatto un solo trattamento in post-emergenza con una 
miscela di Ghibli 1,5 l/ha, Mondak 0,8 l/ha e Callisto 0,8 l/ha. 
Trattamenti con insetticidi si sono svolti  solo sulla tecnica di non lavorazione impiegando 
Decis Jet 0,8 l/ha contro le limacee. 
/¶ibrido di mais impiegato è il DKC 6286 appartenente alla classe FAO 500. Deriva da un 
progetto di ricerca noto come ³$/7$()),&,(1=$'(.$/%´ILQDOL]]DWRDGDXPHQWDUHOH
rese di mais integrando genetica e tecniche agronomiche, selezionando gli ibridi di mais in 
condizioni di stress controllate, provocate da una deficienza idrica o da alte densità di semina 
/¶LEULGR è stato scelto in quanto reputato LGRQHRSHUO¶DJULFROWXUDFRQVHUYDWLYD,  presenta  un 
elevato staygreen e produce una granella profonda e compatta. Nelle operazioni di semina 
O¶LQWHUILODDGRWWDWDqVWDWDGL 75 cm la distanza sulla fila di 18,5 cm al fine di ottenere un 
investimento teorico di 7,2 piante/m
2. 
 
6RQGHSHULOPRQLWRUDJJLRGHOFRQWHQXWRLGULFRQHOVXROR 
In ciascuno dei tre appezzamenti oggetti di studio, dal mese di aprile e fino a settembre 2011, 
si sono installate tre sonde  per il monitoraggio del contenuto idrico nel suolo (Figure 7 e 8) in 
modo da avere tre ripetizioni per ciascuna tesi. Le sonde utilizzate in questa sperimentazione 
(modello  ENVIROSCAN  PLUS)  sono  state  fornite  dalla  ditta  australiana  Sentek,  e 
commercializzate LQO¶,WDOLDGDOO¶D]LHQGD Ecosearch. 
3HUO¶LQVWDOOD]LRQHGHOO¶DSSDUDWRGLULOHYD]LRQHGHOO¶XPLGLWjYLHQHFUHDWRXQIRURYHUWLFDOHQHO
WHUUHQRSHUXQDSURIRQGLWjGLFLUFDFPHSRLIDWWDSHQHWUDUHFRQXQDOHJJHUDSUHVVLRQHOD
VRQGDqLPSRUWDQWHFKHHVVDVLDLQLQWLPRFRQWDWWRFRQLOWHUUHQRHQRQVLFUHLXQILOPG¶DULD
FKHGLVWRUFHUHEEHLOFRQWUROORVWUXPHQWDOH 
/¶DSSDUDWR GL ULOHYD]LRQH )LJXUH  H  FRPSUHQGH XQD VHULH GL  VHQVRUL GLVWDQ]LDWL
YHUWLFDOPHQWHWUDGLORURGLFPLQTXHVWRPRGRLOFRQWHQXWRLGULFRqULOHYDWRSDUWHQGRGD
FPGLSURIRQGLWjFRQSDVVRGLFPILQRDFPVRWWRODVXSHUILFLHGHOWHUUHQR 
  
 
 
 
 
 
)LJXUHHSonde Sentek modello ENVIROSCAN 
PLUS  installate  negli  appezzamenti  prova: 
O¶DSSDUDWR GL ULOHYD]LRQH q VWDWR inserito 
verticalmente  nel  terreno,  mentre  O¶XQLWj GL
WUDVPLVVLRQHHLOSDQQHOORIRWRYROWDLFRVRQRLQILVVL
VXOVRVWHJQRPHWDOOLFR 
)LJXUD  - $SSDUDWR GL ULOHYD]LRQH VL
SRVVRQRYHGHUHLVHQVRULLQWHUGLVWDQWLFP
4XHVWL YHQJRQR SRL FROORFDWL DOO¶LQWHUQR GHO
WXERPHWDOOLFRFKHYLHQHLQVHULWRQHOWHUUHQR 
)LJXUD-3DUWHVXSHULRUHGHOO¶DSSDUDWR
GL ULOHYD]LRQH LPSRUWDQWH FKH VLD
LQVWDOODWRYHUWLFDOPHQWHHDOLYHOORFRQOD
VXSHUILFLHGHOWHUUHQRDOWULPHQWLLYDORUL
ULOHYDWL QRQ ULVSHWWHUHEEHUR OH
SURIRQGLWjLQGLFDWH  
 
 
 
/DWHFQRORJLDGLPLVXUD]LRQHQRWDFRPH)'5)UHTXHQF\'RPDLQ5HIOHFWRPHWU\VLEDVD
VXOO¶RVVHUYD]LRQH GHO FDPSR HOHWWURPDJQHWLFR RVFLOODQWH DOOD IUHTXHQ]D 
GLFLUFD0+]FKHVLYLHQHDFUHDUHYLFLQRDOVHQVRUHPLVXUDQGRODFRVWDQWHGLHOHWWULFD
JHQHUDOHGHOORVSD]LRLQWRUQR'DWRFKHOHFRPSRQHQWLILVLFKHGHOVXRORHO
DULDKDQQRXQD
FRVWDQWHGLHOHWWULFDPROWRVLPLOHWUDORURHGLYDORULFRQWHQXWLPHQWUHO
DFTXDQHKDXQDPROWR
PDJJLRUHDOORUDLOVHJQDOHDSSDUHFRQGL]LRQDWRVRORGDOODTXDQWLWjGLDFTXDSUHVHQWH&RQ
TXHVWDWHFQLFDTXLQGLODVRQGDUHVWLWXLVFHXQYDORUHGLIUHTXHQ]DFKHSHUGLIIHUHQ]DFRQ
TXHOOR GHO FDPSR HOHWWURPDJQHWLFR LQL]LDOH GD XQ YDORUH GL FRVWDQWH GLHOHWWULFD FKH
FRUULVSRQGH DG XQ SUHFLVR YDORUH GL XPLGLWj$ULD H VXROR ULVXOWDQR FRPH WUDVSDUHQWL DOOD
VRQGDFKHYHGHO
DFTXDFRPHVRVSHVDQHOYXRWR,QXQVXRORUHDOHQDWXUDOPHQWHO
DFTXD
QRQSRWUjULHPSLUHWXWWRORVSD]LRPDVRORLSRUL4XLQGLODUHDOHVDWXUD]LRQHGHOVXROR
DYYHUUjDGXQFRQWHQXWRYROXPHWULFRGLDFTXDSDULDOYROXPHWRWDOHGHLSRULFKHSHUPROWL
VXROLVLDJJLUDWUDLOHGLO/HVRQGHVRQRLPSRVWDWHFRQXQDFXUYDGLFDOLEUD]LRQHFKH
WUDVIRUPDLOVHJQDOHJUH]]RGHLVHQVRULLQFRQWHQXWRLGULFRYROXPHWULFR,OYDORUHPRVWUDWR
GDOOHVRQGH6HQWHNqLOFRQWHQXWRYROXPHWULFRGLDFTXDQHOVXRORHVSUHVVRLQSHUFHQWXDOH-
1HOODSUDWLFDTXHVWRYDORUHqLOUDSSRUWRWUDLOYROXPHWRWDOHGHOO¶DFTXDHLOYROXPHGL
VXRORFRQWHQXWR2JQLVHQVRUHULOHYDLOFRQWHQXWRLGULFRDGLQWHUYDOOLGLPLQXWLRUHVX
SHUPHWWHQGRGLYHGHUHLQPRGRDJJLRUQDWRODTXDQWLWjGLDFTXDSUHVHQWHGRYHVLFRQFHQWUD
O¶DVVRUELPHQWRUDGLFDOHFRPHVLLQILOWUDO¶DFTXDHYHQWXDOLIHQRPHQLGLULVDOLWDFDSLOODUHHFF
,GDWLULOHYDWLGDOOHVRQGHHODERUDWLHGHVSUHVVLLQXPLGLWjYROXPHWULFDYHQJRQRSULPDLQYLDWL
DGXQGDWDORJJHUHSRLWUDVIHULWLYLD*356JUD]LHDGXQ¶XQLWjGLWUDVPLVVLRQHDXQVHUYHU
GRYHPHGLDQWHXQFRPSXWHUSRVVRQRHVVHUHYLVXDOL]]DWL³JUH]]L´RSSXUHHODERUDWLLQIRUPD
JUDILFDPHGLDQWHLOSURJUDPPD,55,0$;)LJXUDH*UDILFR 
3HURYYLDUHDOFRQVXPRGLHQHUJLDHOHWWULFDULFKLHVWRSULQFLSDOPHQWHGDLVHQVRULHGDOO¶XQLWjGL
WUDVPLVVLRQHGDWLRJQLVRQGDGLVSRQHGLXQSLFFRORSDQQHOORIRWRYROWDLFRHXQDFFXPXODWRUH
FKHJDUDQWLVFHODIXQ]LRQDOLWjGHOO¶DSSDUDWRDQFKHQHOOHRUHQRWWXUQH 
    
 
 
 
 
)LJXUD-(VHPSOLILFD]LRQHGHOODWUDVPLVVLRQHGHLGDWLULOHYDWLGDOOHVRQGH 
 
 
 
*UDILFR-(VHPSLRGLFRPHLOSURJUDPPD,55,0$;HODERUDLGDWLWUDVPHVVLGDOOHVRQGH 
  
 
 
 
$QDOLVLGHOOHFXUYHGLULWHQ]LRQHHGHOSRWHQ]LDOHLGULFRGHOVXROR 
'RSRO¶HPHUJHQ]DGHOOHSLDQWLQHLQSURssimità delle sonde sono stati prelevati dei campioni 
indisturbati  di  terreno  mediante  una  trivella  collegata  alla  trattrice.  Il  campione  estratto 
rispecchia il profilo del suolo fino ad una profondità di 50 cm, cioè la stessa a cui si ha 
O¶XOWLPDOHWWXUDGHOOHVRQGH&LDVFXQRGHLFDPSLRQLqVWDto poi suddiviso in 4 parti in modo 
da creare dei sotto campioni di suolo per le diverse profondità, e rispettivamente: 0-10 cm; 
10-25  cm;  25-35  cm;  35-50  cm.  Essi  sono  stati  poi  analizzati  in  laboratorio  per  la 
determinazione rispettive curve di ritenzione idrica (CRI) attraverso il metodo GHOOD³FDVVHWWD
WHQVLRPHWULFD´H³:3-7´/HDQDOLVLVRQRVWDWHFRQGRWWHSUHVVRLO/DERUDWRULRGL$QDOLVLGHO
6XRORGHO'LSDUWLPHQWRGL$JURQRPLDH3URGX]LRQL9HJHWDOLHLO'LSDUWLPHQWR7HUULWRULRH
6LVWHPL$JUR-)RUHVWDOLVHFRQGRLPHWRGLXIILFLDOLGLDQDOLVLGHOVXRORULSRUWDWLLQ³0HWRGLGL
$QDOLVL)LVLFDGHO6XROR´,OSULQFLSLRIRQGDPHQWDOHVXFXLLPHWRGLVLEDVDQRqODPLVXUDGHO
SRWHQ]LDOHGHOO¶DFTXDHGHOUHODWLYRFRQWHQXWRLGULFR6LGHILQLVFHFRPHULWHQ]LRQHLGULFDGLXQ
VXROR OD FDUDWWHULVWLFD ILVLFD GHVFULWWD GDOOD UHOD]LRQH WUD LO FRQWHQXWR LGULFR H LO VXR VWDWR
HQHUJHWLFR SRWHQ]LDOH PDWULFLDOH WDOH UHOD]LRQH SXz HVVHUH HVSUHVVD GD XQD IXQ]LRQH
UDSSUHVHQWDWDGDXQDFXUYD,OPHWRGRGHOODFDVVHWWDWHQVLRPHWULFDVLXVDSHUGHWHUPLQDUHOD
FXUYDGLULWHQ]LRQHGLXQVXRORDEDVVHWHQVLRQL,YDORULGHOODULWHQ]LRQHLGULFDYDULDQRD
VHFRQGDFKHTXHVWDYHQJDPLVXUDWDGXUDQWHLOSURFHVVRGLSURVFLXJDPHQWRRGLLQXPLGLPHQWR
HIIHWWR LVWHUHVL /D IXQ]LRQH GL LQXPLGLPHQWR SUHVHQWD D SDULWj GL OLYHOOR HQHUJHWLFR
SRWHQ]LDOHFRQWHQXWLLGULFLLQIHULRULDTXHOOLSUHVHQWDWLGDOODIXQ]LRQHGLSURVFLXJDPHQWR,Q
TXHVWD WHVL YLHQH FRQVLGHUDWD VROR OD IXQ]LRQH GL SURVFLXJDPHQWR LQ TXDQWR q GL PDJJLRU
LQWHUHVVHSUDWLFR,OSULQFLSLRILVLFRVXFXLVLEDVDLOPHWRGRGHOODFDVVHWWDWHQVLRPHWULFDqGDWR
GDOIDWWRFKHLQXQVLVWHPDWULIDVHVLGHWHUPLQDXQHTXLOLEULRWUDOHIRU]HDJHQWLVXOO¶XQLWjGL
PDVVD LGULFD 1HOOH RSHUD]LRQL GL ODERUDWRULR OD SUHVVLRQH HVWHUQD LPSRVWD q QHJDWLYD
WHQVLRQH,OSURFHVVRDQDOLWLFRSUHYHGHO¶LPSRVL]LRQHGLXQDWHQVLRQHHVWHUQDVXXQFDPSLRQH
GLVXRORLQGLVWXUEDWRSUHYHQWLYDPHQWHLQXPLGLWRDVDWXUD]LRQHILQRDFKHQRQVLVLDYHULILFDWD
XQDVLWXD]LRQHGLHTXLOLEULRDTXHVWRSXQWRVLGHWHUPLQDLOFRQWHQXWRLGULFRFKHSUHVHQWDXQ
SRWHQ]LDOHGLPDWULFHXJXDOHDOODWHQVLRQHLPSRVWD 
Il  metodo  deliWP4-T  (Dewpoint  Potential  Meter)  consiste  in  una  sWUXPHQWD]LRQH SHU OD
FDUDWWHUL]]D]LRQHLGURORJLFDGHLVXROLqXtilizzato per costruire curve affidabili di ritenzione 
idrica, in particolare sui suoli argillosi. È un metodo a pressione di vapore, basato sul punto di 
rugiada e misura direttamente il potenziale idrico tra 0 e -60 MPa e si basa sulla misura del  
 
 
 
potenziale idrico di un campione determinando O¶XPLGLWjUHODWLYDGHOO¶DULDVRSUDLO campione 
in una camera chiusa. 
3HULQWHUSRODUHLGDWLVSHULPHQWDOLqVWDWRDGRWWDWRLO0RGHOORGL9DQ*HQXFKWHQ 
 
 
/DSUHVVLRQHYLHQHXVXDOPHQWHHVSUHVVDQHO6LVWHPD,QWHUQD]LRQDOH³6,´LQ3DVFDOSHUzLQ
TXHVWRFDVRHVVHQGRLO3DXQDXQLWjGLPLVXUDPROWRSLFFRODVLHVSULPHFRQXQVXRPXOWLSOR
FLRqLQ03D3XzFDSLWDUHGLWURYDUODHVSUHVVDDQFKHLQ%DUR$WPRVIHUHWXWWDYLDTXHVWHXQLWj
GLPLVXUDVRQRIDFLOPHQWHFRQYHUWLELOLWUDORURJUD]LHDOODVHJXHQWHUHOD]LRQH03D %DU
   $WP È  di  segno  negativo  in  quanto  assume  valori  negativi  rispetto  a  quello 
GHOO¶DFTXD SXUD SUHVD FRPH VLVWHPD GL ULIHULPHQWR ,O VHJQR ³-³  indica  che  per  estrarre 
TXHVW¶DFTXD RFFRUUH VSHQGHUH HQHUJLD.  ,Q DOWHUQDWLYD DOOD PRGDOLWj GL HVSUHVVLRQH GHO
SRWHQ]LDOH VRSUD FLWDWH VL SRVVRQR XWLOL]]DUH DQFKH L FP GL FRORQQD G¶DFTXD FP +2 
6RYHQWHSHUIDFLOLWDUHOHUDSSUHVHQWD]LRQLJUDILFKHODWHQVLRQHYLHQHLQGLFDWDFRPHORJDULWPR
GHFLPDOHGHOYDORUHDVVROXWRGHOSRWHQ]LDOHPDWULFLDOHHVSUHVVRLQFP4XHVWLYDORULYHQJRQR
LQGLFDWLFRQODGLFLWXUDS)ORJFP+2HYDULDQRGDXQPLQLPRGLDGXQPDVVLPRGL,O
S)qTXLQGLXQDUDSSUHVHQWD]LRQHVXVFDODORJDULWPLFDGHOSRWHQ]LDOH 
 
$QDOLVLGHOODWHVVLWXUDGHOWHUUHQR 
I  campioni  di  terreno usati per la determinazione delle curve di  ritenzione sono  stati  poi 
impiegati per fare le analisi della tessitura. 
La  tessitura  è  la  proprietà  fisica  del  terreno  che  lo  identifica  in  base  alla  composizione 
percentuale  delle  sue  particelle  solide  distinte  per  classi  granulometriche  (sabbia,  limo  e 
argilla).  Questa  proprietà  è  importante  per  lo  studio  dei  suoli  e  del  terreno  in  quanto  né 
condiziona  sensibilmente  le  proprietà  fisico-meccaniche  con  riflessi  sulla  dinamica 
GHOO¶DFTXDGHOO¶DULDHVulle lavorazioni agronomiche.  
/H DQDOLVL VRQR VWDWH FRQGRWWH VHPSUH SUHVVR LO /DERUDWRULR GL $QDOLVL GHO 6XROR GHO
'LSDUWLPHQWRGL$JURQRPLDH3URGX]LRQL9HJHWDOLHLO'LSDUWLPHQWR7HUULWRULRH6LVWHPL$JUR-
)RUHVWDOLVHFRQGRLPHWRGLXIILFLDOLGLDQDOLVLGHOVXRORULSRUWDWLLQ³0HWRGLGL$QDOLVL)LVLFD 
 
 
 
GHO6XROR´,QSDUWLFRODUHSHUODGHWHUPLQD]LRQHGHOOHFRPSRQHQWLJUDQXORPHWULFKHLFDPSLRQL
VRQRVWDWLVHWDFFLDWLFRQXQVHWDFFLRDPDJOLDPPDOILQHGLVHSDUDUHODWHUUDILQHVXOODTXDOH
VLqVYROWDO¶DQDOLVLGHOODWHVVLWXUDGDOORVFKHOHWURHGDDOWUHLPSXULWjSUHVHQWL 
/DWHFQLFDFRQVLVWHQHOGLVSRUUHLQXQEDFNHUGDPOJGLWHUUHQRPOGLDFTXD
GHLRQL]]DWDHPOGLVROX]LRQHGLVRGLRHVDPHWDIRVIDWRDO>1D32@7DOHVROX]LRQH
KDODIXQ]LRQHGLGLVJUHJDUH-GLVSHUGHUHOHSDUWLFHOOHFKHFRVWLWXLVFRQRLOWHUUHQR'RSRXQ
SHULRGR GL DWWHVD GL FLUFD  RUH VL HIIHWWXD OD GLVSHUVLRQH ILVLFD WUDPLWH O¶XWLOL]]R GL XQ
DJLWDWRUHSRLVLWUDVIHULVFHODVRVSHQVLRQHLQXQVHGLPHQWDWRUHFLOLQGURGDPO6LSRUWD
DYROXPHFRQDFTXDGHLRQL]]DWDHVLDJLWDFDSRYROJHQGRLOUHFLSLHQWHXQDGHFLQDGLYROWHGRSR
DYHUORWDSSDWR6HODVXSHUILFLHGHOODVRVSHQVLRQHqFRSHUWDGLVFKLXPDVLDJJLXQJHTXDOFKH
JRFFLDGL-RWWDQROR6LLPPHUJHFRQFXUDO¶LGURPHWURHVLULOHYDLOGDWRGLPDVVDYROXPLFD
GRSRVHFRQGLVHFRQGLXQPLQXWRGXHPLQXWLWUHPLQXWLTXDWWURPLQXWLFLQTXHPLQXWL
GLHFLPLQXWLWUHQWDPLQXWLXQ¶RUDHRUH3HUFRUUHJJHUHLYDORULULOHYDWLGDOO¶HIIHWWRGHOOD
SUHVHQ]DGHOVRGLRHVDPHWDIRVIDWRqVXIILFLHQWHHVHJXLUHSDUDOOHODPHQWHXQDSURYDLQELDQFR
LQVHUHQGRO¶LGURPHWURLQXQDVROX]LRQHFRPSRVWDGDPOGLVRGLRHVDPHWDIRVIDWRDOH
POGL+2FRQWHQXWDLQXQFLOLQGURGDPOSHUWXWWDODGXUDWDGHOODSURYDDOODVWHVVD
WHPSHUDWXUD GHOOD VRVSHQVLRQH 6L ULOHYDQR DQFKH OH WHPSHUDWXUH SHU FRUUHJJHUH L GDWL
ULJXDUGDQWLODYLVFRVLWjHODGHQVLWjGHOO¶DFTXDHGHOODVROX]LRQHDWDOLWHPSHUDWXUH 
,O PHWRGR GHQVLPHWULFR GL %RX\RXFRV VL EDVD VXOOD FRUUHOD]LRQH WUD GHQVLWj H TXDQWLWj GL
PDWHULDOHLQGLVSHUVLRQH/DTXDQWLWjGLSDUWLFHOOHLQVRVSHQVLRQHGRSRXQGDWRLQWHUYDOORGL
WHPSRGLIIHULVFHLQEDVHDOODYHORFLWjGLFDGXWDGHOOHVWHVVH/DYHORFLWjqLQIXQ]LRQHGHO
GLDPHWURGHOOHSDUWLFHOOHHVHFRQGRODOHJJHGL6WRNHPDJJLRUHqLOGLDPHWURGHOOHSDUWLFHOOH
PDJJLRUHqODYHORFLWjGLSUHFLSLWD]LRQH 
/HJJHGL6WRNHV 
 
ࢂ ൌ
૛
ૢ࢞ൣ࢘૛࢞ሺࡰିࢊሻ࢞ࢍ൧
ࢎ  
 
9YHORFLWjGLFDGXWDFPV 
UUDJJLRGHOOHSDUWLFHOOHVXSSRVWHVIHULFKHFP 
'GHQVLWjGHOOHSDUWLFHOOHJFPñ 
GGHQVLWjGHOPH]]RJFPñ 
KYLVFRVLWjGHOPH]]RSRLVH 
JDFFHOHUD]LRQHJUDYLWD]LRQDOHFPVð  
 
 
 
,ULVXOWDWLVRQRHVSUHVVLLQJGPñHVRQRGHULYDWLGHOODPLVXUDGHOODPDVVDYROXPLFDGHOOD
VRVSHQVLRQHVXROR-DFTXDGRSRLWHPSLGLVHGLPHQWD]LRQHSUHVWDELOLWL3RVVRQRHVVHUHULIHULWL
SULQFLSDOPHQWHVHFRQGRGXHVLVWHPLGLFODVVLILFD]LRQHTXHOORGHOO¶,QWHUQDWLRQDO6RLO6FLHQFH
6RFLHW\,666HTXHOORGHOO¶United States'HSDUWPHQWRI$JULFXOWXUH86'$1HOVLVWHPDGL
ULIHULPHQWRLQWHUQD]LRQDOH,666ULHQWUDQHOODVDEELDWXWWRFLzFKHKDXQGLDPHWURPDJJLRUHD
PPHPLQRUHGLPPOLPROHSDUWLFHOOHGLGLDPHWURFRPSUHVRWUDHPPH
DUJLOODOHSDUWLFHOOHFRQGLDPHWURPPFLRqP1HOFDVRLQFXLVLIDFFLDULIHULPHQWR
DOVLVWHPDGHO'LSDUWLPHQWRGL$JULFROWXUDGHJOL6WDWL8QLWL86'$ULHQWUDQHOODVDEELDWXWWR
FLzFKHKDXQGLDPHWURPDJJLRUHDPPHPLQRUHGLPPOLPROHSDUWLFHOOHGLGLDPHWUR
FRPSUHVRWUDHPPHDUJLOODVHPSUHOHSDUWLFHOOHFRQGLDPHWURP 
8QD YROWD HVHJXLWH WXWWH OH OHWWXUH FRQ O¶LGURPHWUR OD VROX]LRQH q VWDWD VHWDFFLDWD FRQ XQ
VHWDFFLRDPDJOLDPSHUVHSDUDUHODVDEELDGDOOHDOWUHFRPSRQHQWL/DSDUWHFKHULPDQHQHO
VHWDFFLRqVWDWDPHVVDLQVWXIDD&SHUXQ¶RUDFLUFDHSRLSHVDWD,OGDWRGHOODSHVDWD
FRUULVSRQGH DO FRQWHQXWR GL VDEELD 86'$ SUHVHQWH QHO FDPSLRQH LQL]LDOH H YLHQH SRL
UDSSRUWDWDLQSHUFHQWXDOHDFHQWR4XHVWRGDWRYDDVRVWLWXLUVLDOYDORUHGHOODVDEELDGHULYDWR
GDOOHOHWWXUHFRQLGURPHWURLQTXDQWRqSLSUHFLVRSHUFKpOHSULPHOHWWXUHFRQLGURPHWURD
HޖޖVRQRPROWRUDYYLFLQDWHWUDORURHGHVHJXLWHLQXQPRPHQWRGLSRVVLELOHWXUEROHQ]DGHOOD
VRVSHQVLRQHHGLOSRVVLELOHIRUPDUVLGLVFKLXPDPDG¶DOWURFDQWRVRQRDQFKHOHSLLQIOXHQWL
QHOODGHWHUPLQD]LRQHGHOODIUD]LRQHVDEELRVD ,O YDORUHILQDOHGHOODVDEELDqTXLQGLTXHOOR
GHULYDWRGDOODSHVDWDPHQWUHTXHOORGHOO¶DUJLOODqGHULYDWRGDOO¶LGURPHWURLQILQHLOOLPRYLHQH
GHWHUPLQDWR GHWUDHQGR D  OD SHUFHQWXDOH GHOOH DOWUH GXH FODVVL JUDQXORPHWULFKH &RVu
IDFHQGRODWHVVLWXUDVDUjHVSUHVVDVRORQHOVLVWHPD86'$6HVLYXROHTXHOODDQFKHTXHOOD
HVSUHVVDVHFRQGRLOVLVWHPD,666RVLVHWDFFLDDQFKHDPPRSLVHPSOLFHPHQWHVL
VIUXWWDQRVROROHOHWWXUHGHOO¶LGURPHWUR 
&RQOHWUHULSDUWL]LRQLGHOODWHUUDILQHVLSXzGHULYDUHODFODVVHWHVVLWXUDOHGHOWHUUHQRLQHVDPH
XWLOL]]DQGRO¶DSSRVLWRWULDQJRORGHOVLVWHPDGLFODVVLILFD]LRQH86'$)LJXUD 
3HUO
LQGLYLGXD]LRQHGHOODFODVVHWHVVLWXUDOHGLXQWHUUHQRGLFXLVLFRQRVFRQROHSHUFHQWXDOL
GHOOHGLYHUVHFRPSRQHQWLRFFRUUHHIIHWWXDUHLVHJXHQWLSDVVDJJL 
HQWUDUHFRQODSHUFHQWXDOHGHOOD³VDEELD´VXOODWR³VDEELD´HWUDFFLDUHXQDSDUDOOHODULVSHWWRDO
ODWR³OLPR´ 
HQWUDUHFRQODSHUFHQWXDOHGHO³OLPR´VXOODWR³OLPR´HWUDFFLDUHXQDSDUDOOHODULVSHWWRDOODWR
³DUJLOOD´ 
HQWUDUHFRQODSHUFHQWXDOHGHOOD³DUJLOOD´VXOODWR³DUJLOOD´HWUDFFLDUHXQDSDUDOOHODULVSHWWRDO
ODWR³VDEELD´  
 
 
 
,OSXQWRFRVuWURYDWRULFDGHDOO
LQWHUQRGLXQ
DUHDFKHLQGLYLGXDLOQRPHGHOODFODVVHDFXLLO
WHUUHQRDSSDUWLHQH 
 
 
)LJXUD-'LDJUDPPDWULDQJRODUHSHUODGHILQL]LRQHGHOODWHVVLWXUDGHOVXRORVHFRQGRLO
'LSDUWLPHQWRGL$JULFROWXUDGHJOL6WDWL8QLWL 
 
/¶LQGLYLGXD]LRQHGHOOHFODVVHWHVVLWXUDOHSXUQRQFRQVHQWHQGRXQJLXGL]LRVXOOHSURSULHWjH
VXOODSRWHQ]LDOLWjSURGXWWLYDDWWXDOHGHOVXRORULVXOWDGLXWLOLWjSHUGHILQLUQHODVXVFHWWLELOLWj
DOO¶HURVLRQH LO SURILOR WHUPLFR O¶DWWLWXGLQH D IDYRULUH UHD]LRQL GL RVVLGRULGX]LRQH SHU
YDOXWDUQHODFDSDFLWjHODGLVSRQLELOLWjLGULFDSHUSUHGLVSRUUHRSSRUWXQLVFKHPLGLGUHQDJJLR
SHUXWLOL]]DUHSDUWLFRODULVLVWHPLGLLUULJD]LRQHHSHURULHQWDUHODVFHOWDGHOWLSRGLPDFFKLQH
DJULFROHGDXWLOL]]DUH9LRODQWH3LHWUR  
 
 
3URYHGLLQILOWUD]LRQH 
'XUDQWHODVWDJLRQHFROWXUDOHVLVRQRVYROWHSHUFLDVFXQDGHOOHWUHWHVLHSHUOHWUHULSHWL]LRQL
DOO¶LQWHUQRGLHVVHDOFXQHSURYHSHUGHWHUPLQDUHODYHORFLWjGLLQILOWUD]LRQHGHOO¶DFTXDQHO
VXRORXVDQGRXQLQILOWURPHWURDGRSSLRDQHOOR)LJXUHH,ONLWqFRVWLWXLWRGDDQHOOLGL
DFFLDLRGLYDULGLDPHWULFKHFRQVHQWRQRGLHIIHWWXDUHSLPLVXUHFRQWHPSRUDQHDPHQWH6XO
WHUUHQR YHQJRQR SRVL]LRQDWH OH  FRSSLH GL DQHOOL IRUPDWH GDOO¶DQHOOR SL SLFFROR SRVWR
LQWHUQDPHQWHHDOFHQWURGLTXHOORSLJUDQGHHQWUDPELYHQJRQRVSLQWLSHUTXDOFKHFHQWLPHWUR
VRWWRODVXSHUILFLHGHOVXRORJUD]LHDGXQ¶DSSRVLWDSODFFDSHUHYLWDUHFKHXQDYROWDULHPSLWL
G¶DFTXDHVVDSRVVDWURYDUHXQDYLDSUHIHUHQ]LDOHH]DPSLOODUHIXRULDQ]LFKpLQILOWUDUVLQHO
WHUUHQR8QDYROWDULHPSLWLG¶DFTXDLFLOLQGULLOOLTXLGRWHQGHDGLQILOWUDUVLYHUWLFDOPHQWHQHO
WHUUHQRPDDQFKHDVFRUUHUHODWHUDOPHQWH)LJXUD/¶DQHOORHVWHUQRKDSHUFLzODIXQ]LRQH
GLPLQLPL]]DUHODFRPSRQHQWHRUL]]RQWDOHGHOIOXVVRLGULFRLQPRGRFKHLOOLTXLGRSUHVHQWH
QHOO¶DQHOORLQWHUQRVLLQILOWULVHJXHQGRVRORODFRPSRQHQWHYHUWLFDOHÊLQTXHVW¶DUHDFKHYLHQH
FRQILQDWDODYHUDSURYDGLLQILOWUD]LRQHFROORFDQGRO¶DSSRVLWRJDOOHJJLDQWHFRQDVWLQDJUDGXDWD
,QSUDWLFDSULPDVLULHPSLRQRHQWUDPELLFLOLQGULVXELWRGRSRVLHVHJXHODOHWWXUDGHOOLYHOORH
ODVLDVVRFLDDGXQWHPSR;,QWDQWRO¶DFTXDLQL]LDDSHUFRODUHHLOJDOOHJJLDQWHVLDEEDVVDPD
SULPDFKHLOOLTXLGRVLHVDXULVFDVLIDODVHFRQGDOHWWXUDHODVLDVVRFLDDOULVSHWWLYRWHPSR;LQ
PRGRFKHIDFHQGRODGLIIHUHQ]DWUDLYDORULVLSRVVDQRFDOFRODUHIDFLOPHQWHLPPGLDFTXD
LQILOWUDWLLQXQFHUWRLQWHUYDOORGLWHPSRSHUDUULYDUHDFDOFRODUHVXFFHVVLYDPHQWHODYHORFLWjGL
LQILOWUD]LRQHHVSUHVVDLQPPK2YYLDPHQWHGRSRRJQLOHWWXUDYLHQHULSULVWLQDWRLOOLYHOORGHO
OLTXLGR 
 
 
 
)LJXUD  - ,QILOWURPHWUR D GRSSLR
DQHOORHVWUXPHQWLSHUO¶LQVWDOOD]LRQH 
)LJXUD-,QILOWURPHWURDGRSSLRDQHOORLQ
RSHUDVLSXzQRWDUHDOO¶LQWHUQRGHOFLOLQGUR
SLFFROR LO JDOOHJJLDQWH GRWDWR GL DVWLQD
JUDGXDWD SHU OD OHWWXUD GHL PP G¶DFTXD
LQILOWUDWL  
 
 
 
 
 
/DGXUDWDGLXQDSURYDqIXQ]LRQHGHOOHFDUDWWHULVWLFKHILVLFKHHLGURORJLFKHGHOVXRORLQFXLVL
RSHUDHFRPXQTXHVLDJJLUDLQWRUQRDOOH-RUHFRQVHFXWLYH/DULSURGXFLELOLWjGLRJQLVLQJROD
SURYDqWDQWRSLHOHYDWDTXDQWRSLLOWHUUHQRULVXOWDXQLIRUPHHVFDUVDQHLWHUUHQLFKHVL
SUHVHQWDQRIHVVXUDWLRVWUDWLILFDWLGRYHSHUHVHPSLRF¶qODSUHVHQ]DGLXQDFURVWDVXSHUILFLDOH
FKHUDOOHQWDODFRQGXFLELOLWjLGULFD*HQHUDOPHQWHJOLLQWHUYDOOLGLWHPSRWUDXQDOHWWXUDHO¶DOWD
VRQRSLLQWHQVLQHOODSULPHIDVLGHOODSURYDDFDXVDGHOODPDFURSRURVLWjHPLFURSRURVLWjFKH
VLGHYRQRVDWXUDUHFRPSOHWDPHQWHHGLHYHQWXDOLFUHSDFFLDWXUHFKHVLUHQGRQRUHVSRQVDELOLGL
PRWL WXUEROHQWL GHOO¶DFTXD SUDWLFDPHQWH OD YHORFLWj GL LQILOWUD]LRQH WHQGH D ULGXUVL FRQ LO
SDVVDUHGHOWHPSRILQRDVWDELOL]]DUVLLQWRUQRDGXQYDORUH$QFKHO¶XPLGLWjLQL]LDOHqXQ
SDUDPHWUR LPSRUWDQWH GD FRQVLGHUDUH LQ TXDQWR OD YHORFLWj GL LQILOWUD]LRQH GHFUHVFH
DOO¶DXPHQWDUH GHOO¶XPLGLWj HG q PLQLPD SHU LO WHUUHQR VDWXUR , SDUDPHWUL FKH LQWHUHVVDQR
PDJJLRUPHQWH ULJXDUGDQR O¶LQILOWUD]LRQH FXPXODWD OD YHORFLWj GL LQILOWUD]LRQH PHGLD H OD
YHORFLWjGLLQILOWUD]LRQHSHUPDQHQWHFKHFRUULVSRQGHDOODFRQGXFLELOLWjLGULFDGHOWHUUHQRD
VDWXUD]LRQH 
/¶LQILOWUD]LRQHFXPXODWD,&VLFDOFRODQHOVHJXHQWHPRGR,& OHWWXUDDQWH±OHWWXUDSRVW
[FRHIILFLHQWHLQILOWURPHWURHYLHQHHVSUHVVDLQPPG¶DFTXDDVVRUELWLGDOWHUUHQRQHOWHPSRGL
SURYD/DYHORFLWjPHGLDGLLQILOWUD]LRQHqLQYHFHGDWDGDOUDSSRUWRWUDO¶LQILOWUD]LRQHFXPXODWD
HLOWHPSRWUDVFRUVRGDOO¶LQL]LRGHOODSURYDHYLHQHTXLQGLHVSUHVVDLQPPPLQ/DYHORFLWjGL
LQILOWUD]LRQHSHUPDQHQWHIDULIHULPHQWRDGXQPRYLPHQWRFRVWDQWHGLLQILOWUD]LRQHYHUWLFDOHGHO
OLTXLGRDWWUDYHUVRLSRULLQXQWHPSRFKHWHQGHDOO¶LQILQLWRTXHVWRSDUDPHWURULVHQWHPROWR
GHOODWHVVLWXUDGHOODVWUXWWXUDHGHOOHFDUDWWHULVWLFKHLGURORJLFKHGHOWHUUHQR 
)LJXUD  - 6FKHPDWL]]D]LRQH GHOOH
FRPSRQHQWL GHO IOXVVR LGULFR QHO VXROR
FKH VL YHQJRQR D FUHDUH GXUDQWH O¶XVR
GHOO¶LQILOWURPHWUR  
 
 
 
    
 
 
 
5LVXOWDWLH'LVFXVVLRQH 
 
7HVVLWXUD 
,ULVXOWDWLGHOOHDQDOLVLJUDQXORPHWULFKHVYROWHLQTXHVWHWHVLVRQRHVSUHVVLVHFRQGRLOVLVWHPDGL
FODVVLILFD]LRQHGHOO¶United States'HSDUWPHQWRI$JULFXOWXUH86'$HULSRUWDWLQHOOD7DEHOOD
HQHL*UDILFLH 
 
TESI  SONDA 
PROFONDITA' 
(cm) 
SABBIA 
%  
LIMO      
% 
ARGILLA 
%  CLASSE TESSITURALE 
CT 
69 
0 - 10        Franco-limoso-argilloso 
10 - 25        Argillo-limoso 
25 - 35        Franco-limoso-argilloso 
70 
10 - 25        Argillo-limoso 
25 - 35        Argillo-limoso 
71 
0 - 10        Argillo-limoso 
10 - 25        Argillo-limoso 
25 - 35        Argillo-limoso 
35 - 50        Argillo-limoso 
             
MT 
72 
0 - 10        Franco-limoso-argilloso 
10 - 25        Argillo-limoso 
25 - 35        Argilloso 
73 
0 - 10        Franco-limoso 
10 - 25        Argilloso 
25 - 35        Argillo-limoso 
35 - 50        Argillo-limoso 
74 
0 - 10        Franco-argilloso 
10 - 25        Argilloso 
25 - 35        Argillo-limoso 
             
NT 
75 
0 - 10        Franco-argilloso 
10 - 25        Franco-sabbioso-argilloso 
25 - 35        Franco-argilloso 
76 
0 - 10        Franco-argilloso 
10 - 25        Franco-argilloso 
25 - 35        Franco-argilloso 
77 
0 - 10        Franco-argilloso 
10 - 25        Franco-sabbioso-argilloso 
25 - 35        Franco-argilloso 
35 - 50        Franco-sabbioso-argilloso 
              µ CT  media        Argillo-limoso 
µ MT  media        Argillo-limoso 
µ NT  media        Franco-argilloso 
7DEHOOD-$QDOLVLGHOODWHVVLWXUDGHLFDPSLRQLGLVXRORUHODWLYLDOOHWHVL&707H17DOOHGLYHUVH
SURIRQGLWj  
 
 
 
 
*UDILFLH-&RQWHQXWRLQVDEELDOLPRHDUJLOODGHLVXROLUHODWLYLDOOHWHVL&7
07H17DOOHYDULHSURIRQGLWj  
 
 
 
&RPH SRVVLDPR YHGHUH GD TXHVWH DQDOLVL WHVVLWXUDOL QHOOD WHVL &7 OH FRPSRQHQWL FKH
SUHGRPLQDQRVRQRLOOLPRHO¶DUJLOODPRWLYRSHUFXLLOWHUUHQRSXzHVVHUH
GHILQLWRDUJLOOR-OLPRVR VHFRQGROHPRGDOLWjGL FODVVLILFD]LRQHGHILQLWHGDO 'LSDUWLPHQWRGL
$JULFROWXUDGHJOL6WDWL8QLWL,OOLPRqODFRPSRQHQWHPDJJLRUHFRQSXQWHGLROWUHLO
QHOOHVRQGHHVHJXHO¶DUJLOODFRQYDORULPDVVLPLLQWRUQRDOVHPSUHQHOODVRQGD
/DVDEELDqLOPDWHULDOHLQRUJDQLFRPHQRSUHVHQWHPHGLDPHQWHO¶HFRQWULEXLVFHD
GDUHDLWHUUHQLXQPLQLPRGLVFLROWH]]D 
$QFKHQHOODWHVL07OHFRPSRQHQWLFKHSUHYDOJRQRVRQROLPRHDUJLOODSHU
FXL L WHUUHQL SRVVRQR HVVHUH FODVVLILFDWL DQFRUD FRPH DUJLOOR-OLPRVL , YDORUL PDVVLPL TXL
VSHWWDQR DOO¶DUJLOOD FRQ XQ FRQWHQXWR SL HOHYDWR QHOOD VRQGD   VHJXLWL GDOOD
FRPSRQHQWHOLPRVDFRQXQDPDVVLPRGHOVHPSUHQHOODVRQGD/DVDEELDDQFRUDXQD
YROWDVFDUVHJJLDUHJLVWUDQGRXQDGRWD]LRQHPHGLDGHOHYDORULPDVVLPLGHOQHOOD
VRQGD 
1HOODWHVL17OHFRVHFDPELDQRXQSR¶LQTXDQWRVLKDXQDWHVVLWXUDGHILQLWDIUDQFR-DUJLOORVD
SLHTXLOLEUDWDQHLUDSSRUWLWUDOHFRPSRQHQWL$SUHYDOHUHTXLqODVDEELDFRQXQDGRWD]LRQH
PHGLDGHODQFKHVHVLDUULYDDXQDSXQWDPDVVLPDGHOQHOODWHVL/¶DUJLOODqOD
VHFRQGDFRPSRQHQWHLQRUJDQLFDSHULPSRUWDQ]DFRQXQFRQWHQXWRPHGLRGHOPROWR
FRVWDQWH H YLFLQR DG XQ PDVVLPR GHO  QHOOD VRQGD  VHJXH SRL LO OLPR FRQ XQD
GRWD]LRQHPHGLDGHOPDFRQSXQWHPDVVLPHLQWRUQRDOQHOODVRQGD 
6SRVWDQGR OR VJXDUGR VXL JUDILFL SRVVLDPR YHGHUH OH FRVH GD XQ¶DOWUD DQJROD]LRQH
LQGXEELDPHQWH OD TXDQWLWj GL VDEELD SUHYDOH QHOOD WHVL 17 H VHPEUD FRQFHQWUDUVL
PDJJLRUPHQWHQHLSULPLFPTXLVLUHJLVWUDLOFRQWHQXWRPHGLRPDVVLPRGLFLUFDLOOD
GRWD]LRQHGLTXHVWDIUD]LRQHJUDQXORPHWULFDVLULGXFHSRLSURJUHVVLYDPHQWHDPDQRDPDQR
FKHFLVLVSRVWDLQSURIRQGLWjUDJJLXQJHQGRXQPLQLPRGHODFP/HWHVL&7H07
PRVWUDQRXQDSUHVHQ]DGLVDEELDPROWRLQIHULRUHULVSHWWRDOYDORUHPLQLPRGHOODWHVL17FRQ
YDORULFRPSUHVLWUDO¶HLOQHOWHUUHQRFRQGRWWRFRQWHFQLFKHFRQYHQ]LRQDOLHWUDLOH
LOQHOOHWHFQLFKHGLPLQLPDODYRUD]LRQHOXQJRWXWWRLOSURILORFRQVLGHUDWR 
3HUTXDQWRULJXDUGDLOOLPRqODWHVL&7FKHUHJLVWUDXQFRQWHQXWRPHGLRPDJJLRUHLQWRUQRDO
PDLYDORULPDVVLPLVLULYHODQRQHOODWHVL07FRQXQQHOSULPRVWUDWRVXSHUILFLDOH
GLFP0HQWUHSHUzQHOODWHVLFRQYHQ]LRQDOHODGRWD]LRQHGLTXHVWRHOHPHQWRqVWDELOHOXQJR
LOSURILORGHOWHUUHQRYDULDQGRGDXQPLQLPRGHODGXQPDVVLPRGHOQHOOHWHVL07H
17ODSHUFHQWXDOHGLTXHVWRPDWHULDOHqPDVVLPDQHLSULPLFPGLVXRORSHUSRLGLPLQXLUHD
PDQRDPDQRFKHVLVLVSRVWDSLLQSURIRQGLWjILQRD-FPTXLODWHVL07UDJJLXQJHOD
GRWD]LRQHPLQLPDGLOLPRFRQXQ6HJXHSRLXQWUHQGLQDXPHQWRSHUHQWUDPEHTXHVWH 
 
 
 
GXHWHVLILQRDOODSURIRQGLWjGL-FPSHUSRLWRUQDUHDGLPLQXLUHHIDUUDJJLXQJHUHLO
FRQWHQXWRPHGLRPLQLPRGLOLPRGHOQHOODWHVL17QHOORVWUDWRSLSURIRQGRDFLUFDFP 
3HUTXDQWRFRQFHUQHO¶DUJLOODLYDORULPDVVLPLGLTXHVWDIUD]LRQHJUDQXORPHWULFDGLQRWDQR
QHOODWHVL07FRQXQDGXQDSURIRQGLWjGL-FPSLLQVXSHUILFLHODSUHVHQ]DYD
SURJUHVVLYDPHQWH ULGXFHQGRVL SHU UHJLVWUDUH XQ PLQLPR GHO  QHL SULPL  FP SL LQ
SURIRQGLWjGLDVVLVWRQRDGRVFLOOD]LRQLQHOFRQWHQXWRGLTXHVWRHOHPHQWRSHUDUULYDUHDFP
FRQXQDGRWD]LRQHPHGLDGHO/DWHVL&7VLFODVVLILFDLQVHFRQGDSRVL]LRQHSHUFRQWHQXWR
GLDUJLOODFKHVLGLVWULEXLVFHXQLIRUPHPHQWHOXQJRWXWWRLOSURILORFRQVLGHUDWRYDULDQGRGDXQ
PLQLPRGHODGXQPDVVLPRGHO1HLWHUUHQLFRQGRWWLFRQODQRQODYRUD]LRQHOD
GRWD]LRQHGLTXHVWDFODVVHJUDQXORPHWULFDqSUHVVRFKpVWDELOHILQRD-FPGLSURIRQGLWj
-SHUSRLGLPLQXLUHSURJUHVVLYDPHQWHILQRDFPGRYHGLKDLOFRQWHQXWRPLQLPR
GHO 
,Q FRQFOXVLRQH L WHUUHQL FRQGRWWL FRQ WHFQLFKH FRQYHQ]LRQDOL H GL PLQLPD ODYRUD]LRQH VL
SUHVHQWDQRFRQXQDSUHYDOHQ]DGHOOHFRPSRQHQWLDUJLOORVHHOLPRVHFKHVHEHQVWUXWWXUDWL
FRQVHQWLUDQQR GL DFFXPXODUH XQD EXRQD ULVHUYD LGULFD QHFHVVDULD DOOH SLDQWH QHL SHULRGL
VLFFLWRVL $OOR VWHVVR WHPSR SHUz SRVVRQR PDQLIHVWDUH XQD PDJJLRUH WHQGHQ]D D IRUPDUH
FUHSDFFLDWXUHQHOSHULRGRHVWLYRHSHUGHUHSHUHYDSRUD]LRQHGHOO¶DFTXDFKHVDUHEEHXWLOHDOOH
SLDQWH$OILQHFKHYLVLDXQDEXRQDVWUXWWXUDqSRLLPSRUWDQWHFKHOHODYRUD]LRQLSULQFLSDOL
VLDQRFRQGRWWHFRQWHUUHQRLQWHPSHUDSHUSUHVHUYDUHDOPHJOLRODVWUXWWXUDHULGXUUHJOLVIRU]L
GHOOH PDFFKLQH , WHUUHQL FRQGRWWL FRQ WHFQLFKH GL QRQ ODYRUD]LRQH VL SUHVHQWDQR FRQ XQD
WHVVLWXUDSLVFLROWDHGHTXLOLEUDWD,OPDJJLRUFRQWHQXWRGLVDEELDSXzDWWHQXDUHJOLHIIHWWL
FDXVDWL GDO IHQRPHQR GL FRPSDWWDPHQWR D FXL VRQR VRJJHWWL TXHVWL WHUUHQL D FDXVD GHO
SDVVDJJLRGHOOHPDFFKLQHHDOPLQRUQXPHURGLRSHUD]LRQLHVHJXLELOL8QGLIHWWRSXzHVVHUH
UDSSUHVHQWDWRGDOODPLQRUFDSDFLWjGLULWHQXWDLGULFDSDU]LDOPHQWHFRPSHQVDWRGDOODVFDUVD
WHQGHQ]DDFUHSDFFLDUHGXUDQWHLSHULRGLVLFFLWRVL 
 
    
 
 
 
8PLGLWjQHOWHUUHQR 
In ciascuno dei tre appezzamenti oggetti di studio, dal mese di aprile e fino a settembre 2011, 
si sono installate tre sonde )'5 ()UHTXHQF\5HIOHFWRPHWU\ modello ENVIROSCAN PLUS) 
per  il  monitoraggio  del  contenuto  idrico  nel  suolo  in  modo  da  avere  tre  ripetizioni  per 
ciascuna  tesi.  /¶DSSDUDWR GL ULOHYD]LRQH FRPSUHQGH XQD VHULH GL  VHQVRUL GLVWDQ]LDWL
YHUWLFDOPHQWHWUDGLORURGLFPLQTXHVWRPRGRLOFRQWHQXWRLGULFRqULOHYDWRSDUWHQGRGD
FPGLSURIRQGLWjFRQSDVVRGLFPILQRDFPVRWWRODVXSHUILFLHGHOWHUUHQR2JQL
VHQVRUHULOHYDLOFRQWHQXWRLGULFRDGLQWHUYDOOLGLPLQXWLRUHVX,OYDORUHPRVWUDWR
GDOOHVRQGH6HQWHNqLOFRQWHQXWRYROXPHWULFRGLDFTXDQHOVXRORHVSUHVVRLQSHUFHQWXDOH-
Nei grafici seguenti saranno riportate delle curve di umidità create dai dati trasmessi 
dalle  sonde TXHOOR FKH Vu YHGH q TXLQGL O¶DQGDPHQWR GHOO¶XPLGLWj  (nelle  5  profondità)  al 
trascorrere del tempo. Anche le sonde immerse nello stesso tipo di trattamento, dimostrano 
XQ¶DPSLD variabilità nelle risposte. In generale i valori oscillano da minimi intorno al 2% a 
massimi di oltre il 55% con ampie fluttuazioni dovute alle precipitazioni, alla temperatura e 
alla  profondità  di  misurazione.  Per  questo  motivo  i  grafici  relativi  alla  rappresentazione 
GHOO¶DQGDPHQWR GHOO¶XPLGLWj VRQR VWDWL DIILDQFDWL D TXHOOR GHOO¶LQFUHPHQWR/diminuzione  di 
questa rispetto al  giorno precedente.  In linea  generale, quando l¶DQGDPHQWR GHOOHFXUYHq
WHQGHQWH DOO¶RUL]]RQWDOH OD IDVH GL SURVFLXJDPHQWR VDUj PROWR  lenta,  quasi  bloccata;  al 
contrario,  quando  le  curve  manifestano  picchi  si  avranno,  o  inumidimenti  (se  si  sono 
verificate precipitazioni), RSURVFLXJDPHQWLGRYXWLDOO¶DFTXDGLSHUFROD]LRQHPDVRSUDWWXWWR
DOO¶assorbimento radicale. Si fa presente che nelle tre tesi non si sono effettuate irrigazioni 
GXUDQWHLOFLFORFROWXUDOHHO¶XQLFDDFTXDDSSRUWDWDqTXHOODGHOOHSUHFLSLWD]LRQLDWPRsferiche; 
O¶HQWLWjGL TXHVWHPP +2O)  è riportata sempre nei  grafici  sottostanti per  meglio  chiarire 
eventuali incrementi di umidità nel terreno. 
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*UDILFLUHODWLYLDOFRQWHQXWRLGULFRQHOVXRORQHOWHPSRDOOHSURIRQGLWjFRQVLGHUDWHQHOOH
GLYHUVHWHVL1HOO
DVVH<VHFRQGDULRqULSRUWDWDODFRQVLVWHQ]DGHOOHSUHFLSLWD]LRQLPP+ 
1HOOHWHVL&7GXUDQWHLOPHVHGLPDJJLROHSURIRQGLWjFKHUHJLVWUDQRXQPDJJLRUFRQWHQXWR
LGULFRULVXOWDQRHVVHUHTXHOOHIUDLHFP4XHVWRqGDDWWULEXLUHDOODEXRQDFDSDFLWjGL
LPPDJD]]LQDPHQWR LGULFR GHO WHUUHQR /¶RSHUD]LRQH GL DUDWXUD q VWDWD HVHJXLWD QHL PHVL
DXWXQQDOL GHOO¶DQQR SUHFHGHQWH PHQWUH DO PRPHQWR GHOOD VHPLQD VRQR VWDWH VROR IDWWH OH
RSHUD]LRQL VHFRQGDULH GL SUHSDUD]LRQH GHO OHWWR GL VHPLQD TXHVWR KD SHUPHVVR OD
FRQVHUYD]LRQHQHOVXRORGLXQDEXRQDULVHUYDLGULFD6HPSUHQHOPHVHGLPDJJLRJOLVWUDWLSL
VHFFKLVRQRTXHOOLVXSHUILFLDOL-FPHVVLRVSLWDQRLQTXHVWRSHULRGRO¶DSSDUDWRUDGLFDOH
GHO PDLV LQ DWWLYR DVVRUELPHQWR DQFKH VH OH GLPHQVLRQL GHOOH SLDQWH QRQ VRQR WDOL GD
ULFKLHGHUHXQTXDQWLWDWLYRGLDFTXDHYDSRWUDVSLUDWDHOHYDWR*LRFDLQYHFHXQUXRORLPSRUWDQWH
O¶HIIHWWRHYDSRUDWLYRGHOO¶DFTXDGDOVXRORSHUFKpOHSLDQWLQHVRQRLQFRUDSLFFROHLO/$,VDUj
EDVVRSHUFLzO¶LQWHUILODGRYUjDQFRUDHVVHUH³FKLXVD´/¶DFTXDSHUVDSHUHYDSRUD]LRQHVDUj
VLFXUDPHQWHPDJJLRUHDOO¶DFTXD FHGXWDGXUDQWHLOSURFHVVRHYDSRWUDVSLUDWLYR1HOPHVHGL
JLXJQR VL KDQQR DQGDPHQWL DOWDOHQDQWL GHOOH FXUYH VLQWRPR FKH O¶DSSDUDWR UDGLFDOH VL VWD
DSSURIRQGHQGRYHORFHPHQWHSHUXOWLPDUHLOVXRVYLOXSSRYHUVRODILQHGHOPHVH'DOOHFXUYHVL
QRWDQRDVVRUELPHQWLULOHYDQWLDOOHYDULHSURIRQGLWjODVRQGDqTXHOODFKHUHJLVWUDLPDJJLRUL 
 
 
 
DVVRUELPHQWLHDQFKHLYDORULPLQLPLGLXPLGLWjDWWRUQRDOPHQWUHOHDOWUHVRQGHGHOOD
PHGHVLPDWHVLVLUHJLVWUDQRRVFLOOD]LRQLGHOFRQWHQXWRLGULFRDEEDVWDQ]DFRQFRUGL,QRJQLFDVR
ORVWUDWRFKHULVSRQGHPHQRDOOHYDULD]LRQLGLXPLGLWjqTXHOORDFPTXHVWRqGRYXWR
VLFXUDPHQWH DO IDWWR FKH OD PDJJLRU SDUWH GHOO¶DSSDUDWR UDGLFDOH q GLVWULEXLWR QHJOL VWDWL
VXSHULRULPDPROWRSUREDELOPHQWHDQFKHDOODIRUPD]LRQHGLXQDVXRODGLODYRUD]LRQHFKHKD
LPSHGLWRXQUHJRODUHDSSURIRQGLPHQWRUDGLFDOH1HOPHVHGLOXJOLRVLUHJLVWUDQRSHUHQWUDPEH
OHWUHWHVLLYDORULPLQLPLGLXPLGLWjDQFKHVHVXSURIRQGLWjGLIIHUHQWL/HSLDQWHVDUDQQR
VLFXUDPHQWH LQ VWUHVV LGULFR YLVLELOH GDOO¶DEEDVVDPHQWR H DSSLDWWLPHQWR GHOOH FXUYH $
PLJOLRUDUH OD VLWXD]LRQH FL VRQR DOFXQL HYHQWL SLRYRVL QHOOD VHFRQGD PHWj GHO PHVH FKH
ULVROOHYDQROHFXUYHFRQGHLSLFFKLYHUVRO¶DOWRWXWWDYLDGXUDQWHLOPHVHGLDJRVWRLQFXLVLVWD
FRPSOHWDQGR OD PDWXUD]LRQH VL YHGH FKLDUDPHQWH XQ¶DOWUD IDVH GL VWUHVV FKH SHUz FDXVHUj
ULSHUFXVVLRQLVXOODSURGX]LRQHVLFXUDPHQHPHQRVLJQLILFDWLYHULVSHWWRDLSHULRGLSUHFHGHQWL
YLVWDODUHODWLYDIDVHIHQRORJLFDDYDQ]DWDGHOOHSLDQWH 
$QFKH QHOOH WHVL 07 FRPH LQ TXHOOH SUHFHGHQWL JOL VWUDWL FKH SUHVHQWDQR XQ PDJJLRU
FRQWHQXWRLGULFRVRQRTXHOOLSLSURIRQGLSHUOHPRWLYD]LRQLVRSUDGHVFULWWHULJXDUGDQWLOD
PRGHVWDFDSDFLWjHVSORUDWLYDGHOO¶DSSDUDWRUDGLFDOHGHOOHJLRYDQLSLDQWLQHHO¶HIIHWWRFDXVDWR
GHOO¶HYDSRUD]LRQHVXSHUILFLDOH1HOPHVHGLJLXJQRVLKDQQRUDSLGHGLPLQX]LRQLGHOFRQWHQXWR
LGULFRQHLGLYHUVLVWUDWLVLQWRPRFKHO¶DSSDUDWRLSRJHRVLVWDVYLOXSSDQGREHQHLQSURIRQGLWj
'¶DOWUDSDUWHVLSXzQRWDUHODSURQWDULVSRVWDGHOOHVRQGHDWXWWLLOLYHOOLGLSURIRQGLWjLQ
VHJXLWRDGXQHYHQWRSLRYRVRVHJQRFKHHVLVWHXQDEXRQDFRQGXFLELOLWjLGULFDQHOVXROR/R
VWUDWRSLVHFFRLQTXHVWHWHVLqSULQFLSDOPHQWHTXHOORDFPLQGLFHIRUVHFKHODPDJJLRU
SDUWHGHOO¶DSSDUDWRUDGLFDOHDVVRUEHQWHVLWURYDSURSULRLQWRUQRDTXHOODSURIRQGLWjGDWRFKH
QRQ VL SXz LPSXWDUH D VWUDWL GL VDEELD SUHVHQWL FKH DYUHEEHUR SRWXWR FRQGL]LRQDUH
VLJQLILFDWLYDPHQWHOHSURSULHWjLGULFKHGHOVXRORLQTXDQWRLOFRQWHQXWRPHGLRGLVDEELDDWDOH
SURIRQGLWjULVXOWDHVVHUHGHOLQOLQHDFRQTXHOORPHGLRGHJOLDOWULFDPSLRQLULJXDUGDQWLOD
PHGHVLPDWHVL$QFKHTXLQHOPHVHGLOXJOLRVLUHJLVWUDQRLYDORULPLQLPLGLXPLGLWjHXQ
DSSLDWWLPHQWRGHOOHFXUYHFRQVHJXHQWLDGXQDGUDVWLFDULGX]LRQHGHOODFDSDFLWjGLDVVRUELPHQWR
UDGLFDOHFKHFDXVHUjTXDVLFHUWDPHQWHFRQGL]LRQLGLVWUHVVLGULFRQHOODFROWXUD,QRFFDVLRQH
GHOOH SUHFLSLWD]LRQL GHOOD VHFRQGD PHWj GL OXJOLR OH FXUYH VL ULVROOHYDQR DXPHQWDQGR LO
FRQWHQXWRGLDFTXDGLVSRQLELOHFKHVDUjSURQWDPHQWHDVVRUELWDGDOOHSLDQWHSHUSRLWRUQDUH
TXDVLSDUDOOHOHDOO¶DVVH;/DVRQGDqTXHOODFKHUHJLVWUDLPDJJLRULFRQWHQXWLLGULFLQHOOH
YDULHSURIRQGLWjPDTXHVWRQRQYXROGLUHQHFHVVDULDPHQWHFKHFLVLDSLDFTXDDVVRUELELOH
GDOOHSLDQWHLQIDWWLLOWLSLFRDQGDPHQWRRUL]]RQWDOHGHOOHFXUYHDQFKHFRQEXRQHGRWD]LRQL
LGULFKHQHOWHUUHQRVWDDGLQGLFDUHFKHQRQF¶qXQJUDQGHDVVRUELPHQWR,QWXWWHHWUHTXHVWH 
 
 
 
WHVLORVWUDWRFKHSUHVHQWDXQDPDJJLRUHGRWD]LRQHLGULFDqDQFRUDXQDYROWDTXHOORGHLFP
TXLSHUzQRQqUDJLRQHYROHLSRWL]]DUHODSUHVHQ]DGLXQDVXRODGLODYRUD]LRQHWLSLFDGHLWHUUHQL
ODYRUDWLLQPRGRFRQYHQ]LRQDOHFRQDUDWXUDSLXWWRVWRFLVLOLPLWDDGLUHFKHO¶DSSDUDWRUDGLFDOH
QRQVLqPROWRVSLQWRDGHVSORUDUHLOWHUUHQRLOWHUUHQRDWDOHSURIRQGLWj 
1HOOHWHVL17JLjQHOOHIDVLLQ]LDOLVLQRWDXQRVSLFFDWRGLYDULRGHOFRQWHQXWRLGULFRQHJOLVWUDWL
SLSURIRQGLULVSHWWRDTXHOOLVXSHUILFLDOL-FP4XHVWLXOWLPLJLjQHOPHVHGLPDJJLR
UHJLVWUDQROLYHOOLGLXPLGLWjPROWRSLEDVVLHSRVVRQRHVVHUHIDWWHOHVWHVVHFRQVLGHUD]LRQL
PHQ]LRQDWHSUHFHGHQWHPHQWHLSRWL]]DQGRFKHWDOHGLYDULRVLDDPSOLDWRGDOODSUHVHQ]DGLXQD
TXDQWLWjGLVDEELDVLJQLILFDWLYDPHQWHPDJJLRUHULVSHWWRDLWHUUHQL&7H07VXYDORULPHGLGHO
FRQWURXQDPHGLDGHOO¶QHO&7HGHOQHO07VHPSUHULIHULWHDOOHSURIRQGLWjGL
-FP1HOPHVHGLJLXJQRO¶DQGDPHQWRGHOOHFXUYHULPDQHSUHVVRFKpORVWHVVRGHOPHVH
SUHFHGHQWHJOLVWUDWLDOOHSURIRQGLWjGLHFPQRQVHPEUDQRUHJLVWUDUHVLJQLILFDWLYH
YDULD]LRQHGLXPLGLWjLPSXWDELOLDGXQDWWLYRHFRQVLVWHQWHDVVRUELPHQWRUDGLFDOHLOTXDOH
VHPEUDDQFRUDFRQILQDWRDGXQOLYHOORPDVVLPRGLFPSURIRQGLWj1HOPHVHGLOXJOLRDQFKH
JOLVWUDWLSLSURIRQGLLQL]LDQRDPDQLIHVWDUHWUHQGGLDVVRUELPHQWRDQFKHVHPROWRGLYHUVLWUD
OH GLYHUVH WHVL 'LIIHUHQ]H QRWHYROL WUD OH VRQGH DQFKH LQ VHJXLWR DOOH SUHFLSLWD]LRQL GHOOD
VHFRQGDPHWjGLOXJOLRODVRQGDqTXHOODFKHVHPEUDULVSRQGHUHPHJOLRDOO¶LQFUHPHQWRGL
XPLGLWjQHOVXRORFKHYLHQHULVHQWLWRGLVFUHWDPHQWHDQFKHDOODSURIRQGLWjGLFPODVRQGD
PDQLIHVWDDQFK¶HVVDXQFHUWRLQFUHPHQWRGHOFRQWHQXWRLGULFRDWXWWHOHSURIRQGLWjDQFKHVH
PHQRPDUFDWRODVRQGDLQYHFHULVSRQGHLQPDQLHUDSRFRVLJQLILFDWLYDDOO¶HYHQWRSLRYRVRH
VRORSHUJOLVWUDWLSLVXSHUILFLDOLPHQWUHTXHOOLSLSURIRQGLQRQVHPEUDQRHVVHUQHLQWHUHVVDWL
PDQWHQHQGRVLDOLYHOOLGLXPLGLWjPROWREDVVL4XHVWRSXzHVVHUHVSLHJDELOHLSRWL]]DQGROD
SUHVHQ]DGLXQDFUHSDFFLDWXUDLQSURVVLPLWjGHOODVRQGDFKHIDGHIOXLUHUDSLGDPHQWHO¶DFTXD
PDVFKHUDQGR XQ SR¶ L YDORUL UHDOL 1HO PHVH GL DJRVWR VL PDQLIHVWDQR FKLDUDPHQWH
DSSLDWWLPHQWLGHOOHFXUYHVLQWRPRGLVWUHVVLGULFR/DULGX]LRQHGHOO¶DVVRUELPHQWRG¶DFTXD
ULJXDUGDXQSR¶WXWWHOHGLYHUVHSURIRQGLWjDQFKHVHSUHVHQWDQRYDORULGLXPLGLWjGLYHUVLWUD
ORUR,PSRUWDQWHFRQVLGHUDUHLOIDWWRFKHOHWHVL17VRQRVWDWHVHPLQDWHFRQFLUFDXQDVHWWLPDQD
GLULWDUGRULVSHWWRDOODWHVLFRQODODYRUD]LRQHFRQYHQ]LRQDOHHODPLQLPDODYRUD]LRQHLQROWUH
KDQQR PDQLIHVWDWR XQR VYLOXSSR SL OHQWR LQ SDUWLFRODUH QHOOH SULPH IDVL D FDXVD GHOOH
FRQGL]LRQL QRQ RWWLPDOL GHO WHUUHQR FKH ULVXOWDYD PROWR ]ROORVR D FDXVD GHOO¶LQWHUYHQWR GL
GHFRPSDWWD]LRQHFKHSHUzULVXOWDYDQHFHVVDULRDFDXVDGHOODQRWHYROHFRPSDWWH]]DDFXLHUD
DUULYDWRLOWHUUHQR,QFRQFOXVLRQHOHIDVLIHQRORJLFKHVRQRWUDVODWHGLFLUFDXQDTXLQGLFLQDL
JLRUQL ULVSHWWR DOOH WHVL &7 H 07 FKH VSLHJDQR LO SL OHQWR H ULWDUGDWR DSSURIRQGLPHQWR
GHOO¶DSSDUDWRLSRJHRQHJOLVWUDWLSLSURIRQGL  
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0HGLDQGRLFRQWHQXWLLGULFLGHLGLYHUVLVWUDWLDOO¶LQWHUQRGLFLDVFXQDWHVL&707H17VLSXz
DYHUHXQULDVVXQWRGHOOHWUHPRGDOLWjGLODYRUD]LRQHGHOVXRORVXOFRQWHQXWRLGULFR/DIDVH
LQL]LDOHFRUULVSRQGHQWHDOPHVHGLPDJJLRQRQHYLGHQ]LDVFRVWDPHQWLGLXPLGLWjULOHYDQWLWUDOH
WUHWHVLODTXDOHVLPDQWLHQHVXYDORULRWWLPDOLWUDLOHLO1HOPHVHGLJLXJQRLQL]LDQRD
PDQLIHVWDUVLOHSULPHGLIIHUHQ]HVLJQLILFDWLYHQHOOHWHVL&7H07VL DVVLVWHDGXQEUXVFR
DEEDVVDPHQWR GHO OLYHOOR GHO FRQWHQXWR LGULFR QHO VXROR FKH ULVXOWD SL DFFHQWXDWR QHOOD
PLQLPDODYRUD]LRQHLQGLFHGLXQDEXRQDHVSORUD]LRQHHGDVVRUELPHQWRGHOO¶DSSDUDWRUDGLFDOH
/DWHVL17LQTXHVWRSHULRGRQRQVHPEUDPDQLIHVWDUHULGX]LRQLVLJQLILFDWLYHGHOFRQWHQXWR
LGULFRFKHFRQWLQXDDPDQWHQHUVLVXOLYHOOLHOHYDWLPDYHUVRODILQHGHOPHVHHO¶LQL]LRGL
OXJOLROHSLDQWHUDJJLXQJRQRXQEXRQRVYLOXSSRHO¶DSSDUDWRUDGLFDOHVLHVSDQGHLQSURIRQGLWj
HVHUFLWDQGRXQEXRQDVVRUELPHQWRG¶DFTXDLPSDUWHQGRDOODFXUYDXQDSHQGHQ]DYHUVRLOEDVVR
VLPLOHDTXHOODGHOOHFXUYHGHOODODYRUD]LRQHFRQYHQ]LRQDOHHGHOODPLQLPDODYRUD]LRQHGHO
PHVHSUHFHGHQWHLQGLFHGLTXHOULWDUGRGLXQDTXLQGLFLQDGLJLRUQLQHOOHIDVLIHQRORJLFKHGL
VYLOXSSR GHOOH SLDQWH QHOOD WHVL 17 6HPSUH QHO PHVH GL OXJOLR FRQWLQXD O¶DVVRUELPHQWR
UDGLFDOH QHOOH WHVL &7 H 07 LO TXDOH WHQGH D ULGXUVL TXDVL DUUHVWDUVL ILQR D TXDQGR OH
SUHFLSLWD]LRQLDWPRVIHULFKHGHOODVHFRQGDPHWjGLOXJOLRQRQDSSRUWDQRXQFHUWRTXDQWLWDWLYR
G¶DFTXD,QRJQLFDVRODFXUYDGHOODWHVL07VLFROORFDDGXQOLYHOORGLXPLGLWjLQIHULRUH
ULVSHWWRDOODFXUYDGHOODWHVL&7LQGLFHIRUVHFKHOHUDGLFLVLVRQRVSLQWHPHJOLRLQSURIRQGLWj
QRQWURYDQGRFRPHEDUULHUDODVXRODGLODYRUD]LRQH1HOPHVHGLDJRVWRVLQRWDXQFHUWRWUHQG
GLDVVRUELPHQWRFKHSHUzVLULGXFHPROWRTXHVWRVLSXzYHGHUHGHOO¶DSSLDWWLPHQWRGHOOHFXUYH
ODWHVL17VHPEUDULVHQWLUHPHQRGLTXHVWRVWUHVVPDQWHQHQGRVLVXOLYHOOLGLXPLGLWjLQWRUQRDO
SUHFLVDQGRFKHLOWHUUHQRLQTXHVWDWHVLFRQWLHQHPHGLDPHQWHLOGLVDEELDFRQWURXQ
GHOODWHVL&7HXQGHOOHWHVL17HFLVLVDUHEEHDVSHWWDWLGLYHGHUHTXHVWDFXUYD
VSRVWDWDSLLQEDVVR4XHVWRSHUzQRQVLYHULILFDHSXzHVVHUHSDU]LDOPHQWHVSLHJDWRFRQLO
IDWWRFKHOHSLDQWHSUHVHQWDQRDOWH]]HGLDPHWULGHOIXVWRHVXSHUILFLHIRJOLDULLQIHULRULULVSHWWR
DOOHWHVL&7H07HSRWUHEEHURDYHUGRYXWRULFKLHGHUHXQTXDQWLWDWLYRLGULFRLQIHULRUHSHU
FRPSLHUHLOFLFOR/DWHVL07qTXHOODFKHUHJLVWUDDQFKHLQTXHVWRSHULRGRLOOLYHOORGLXPLGLWj
SL EDVVR LQGLFH FKH DQFKH OR VWUDWR SL SURIRQGR GL  FP q LQWHUHVVDWR GD XQ FHUWR
DVVRUELPHQWRLGULFR 
,QFRQFOXVLRQHGDTXHVWHSULPHYDOXWD]LRQLODFROWXUDGLPDLVRJJHWWRGLWHFQLFKHGLPLQLPD
ODYRUD]LRQHVHPEUDVLDTXHOODVYLOXSSLPHJOLRO¶DSSDUDWRUDGLFDOHHVIUXWWLLQPRGRRWWLPDOHOD
ULVHUYDLGULFDGHOWHUUHQRLQSURIRQGLWj/DWHVL&7WHQGHDFRPSRUWDUVLVLPLOPHQWHDOOD07
VIUXWWDQGREHQHDQFK¶HVVDOHULVRUVHLGULFKHGHOWHUUHQRWXWWDYLDDSSDUHXQSR¶OLPLWDWDGDOOD
SUHVHQ]DGHOODVXRODGLODYRUD]LRQH8QGLVFRUVRXQSR¶GLYHUVRYDIDWWRSHUODWHVL17FKH 
 
 
 
ROWUH D SUHVHQWDUH XQ ULWDUGR GL VYLOXSSR PDQLIHVWD DVVRUELPHQWL PHGLDPHQWH SL ULGRWWL
VHPEUDQGRFKHO¶DFTXDQHOWHUUHQROHVLDTXDVLVHPSUHSLFKHVXIILFLHQWH4XHVWRSXzSHUz
HVVHUHGRYXWRDOORVYLOXSSRYHJHWDWLYRSLFRQWHQXWRPDLQRJQLFDVRO¶DSSDUDWRUDGLFDOH
VHPEUDVSLQJHUVLDEEDVWDQ]DLQSURIRQGLWj 
3HU FKLDULUH PHJOLR TXHVWL ULVXOWDWL RFFRUUHUj LQL]LDWH D SDUODUH GL WHQVLRQH PDWULFLDOH GHO
WHUUHQRHGLSRWHQ]LDOHLGULFR 
 
&XUYHGLULWHQ]LRQHHSRWHQ]LDOHLGULFRQHOWHUUHQR 
*OL DQGDPHQWL GHOO¶XPLGLWj QHL YDUL VWUDWL VRQR XWLOL SHU GHVFULYHUH RULHQWDWLYDPHQWH OH
FRQGL]LRQL GHO WHUUHQR PD SHU FDSLUH VH H TXDQGR LO FRQWHQXWR LGULFR KD LQIOXHQ]D VXOOR
VYLOXSSRHVXOODUHVDGHOODFROWXUDRFFRUUHFRQRVFHUHOHFXUYHGLULWHQ]LRQHLGULFDFKHYHQJRQR
PRGLILFDWH QRQ VROR GDOOD WHVVLWXUD GHO WHUUHQR PD DQFKH GDO WLSR GL ODYRUD]LRQH D FXL q
VRWWRSRVWR3XzHVVHUHLQIDWWLFKHSXULQSUHVHQ]DGLHOHYDWDXPLGLWjO¶DFTXDSUHVHQWHVLDSRFR
GLVSRQLELOHSHUO¶DVVRUELPHQWRUDGLFDOHRYLFHYHUVD 
/HFXUYHGLULWHQ]LRQHLGULFDPHWWRQRLQUHOD]LRQHO¶XPLGLWjFRQODWHQVLRQHGHOO¶DFTXDHGLQ
TXHVWDWHVLVRQRVWDWHFDOFRODWHSHURJQLVRQGDDOLYHOOLGLSURIRQGLWj0-10 cm, 10-25 cm, 25-
35 cm, 35-50 cm. 
/HFXUYHGLULWHQ]LRQHLGULFDVRQRLQPROWLFDVLGLYHUVHROWUHFKHQHOOHGLIIHUHQWLWLSRORJLHGL
ODYRUD]LRQH GHO WHUUHQR DQFKH QHOOH YDULH SURIRQGLWj GHOOR VWHVVR VLWR 4XHVWR GLSHQGH
IRUWHPHQWHGDOODWHVVLWXUDHGDOODVWUXWWXUDGHOWHUUHQRHTXLQGLDQFKHGDOODSUHVHQ]DGLFROORLGL
HVRVWDQ]DRUJDQLFDHGDOWLSRGLSRURVLWjSUHVHQ]DGLPDFURHPLFURSRUL,QIDWWLLQSUHVHQ]D
GHOODVWHVVDXPLGLWjGXHWHUUHQLSRVVRQRPHWWHUHDGLVSRVL]LRQHGHOOHSLDQWHGLYHUVLTXDQWLWDWLYL
LGULFLFRPHSXUHO¶DSSRUWRGLXQDVWHVVDTXDQWLWjGLDFTXDLQGXHVXROLSXzSRUWDUHDWHQVLRQL
DQFKHPROWRGLYHUVHWUDORUR 
/H ODYRUD]LRQL GHO WHUUHQR SUREDELOPHQWH LQIOXLVFRQR VX TXHVWH FDUDWWHULVWLFKH ILVLFKH
PRGLILFDQGRVRSUDWWXWWRODSRURVLWjQHJOLVWUDWLFRPHVLYHULILFDQHOODWHVL07GRYHYLHQH
ULGRWWDO¶HQWLWjGHOODVXRODGLODYRUD]LRQHLQROWUHXQDJHVWLRQHDVRGR17SXzROWUHDTXHVWR
SRUWDUH DOO¶DXPHQWR GHO FRQWHQXWR GL VRVWDQ]D RUJDQLFD LQ VXSHUILFLH H TXLQGL PRGLILFDUH
XOWHULRUPHQWHOHFXUYHGLWHQVLRQHXPLGLWj 
1HLJUDILFLVHJXHQWLVRQRULSRUWDWHOHFXUYHGLULWHQ]LRQHHODERUDWH 
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6LFFRPH VDUHEEH GLIILFLOH IDUH FRQVLGHUD]LRQL VX FLDVFXQD VLQJROD FXUYD GDWD OD QRWHYROH
YDULDELOLWjSUHVHQWHDQFKHDOO
LQWHUQRGLFLDVFXQDWHVLVLqSUHIHULWRULDVVXPHUHOHFXUYHLQEDVH
DOODSURIRQGLWjGLFDPSLRQDPHQWRHDOODWHVLFRQVLGHUDWD3RVVLDPRFRVuDQDOL]]DUHFRPHYDULD
LOFRQWHQXWRLGULFRDOOHGLYHUVHWHQVLRQLQHLGLYHUVLWLSLGLODYRUD]LRQLGHOWHUUHQRDGRWWDWHH
DOOHSURIRQGLWjHVDPLQDWH 
1HOSULPRVWUDWRGLWHUUHQRRYYHURTXHOORFRPSUHVRWUDHFPGLSURIRQGLWjSRVVLDPR
YHGHUHFRPHVLDODWHVL07DIRUQLUHL PDJJLRULTXDQWLWDWLYLLGULFLDSDULWjGL SRWHQ]LDOH
VHJXLWDGDOODWHVL174XHVWRqVLFXUDPHQWHGRYXWRDOIDWWRFKHOHODYRUD]LRQLFRQVHUYDWLYH
ODVFLDQR VXOOD VXSHUILFLH GHO VXROR L UHVLGXL FROWXUDOL L TXDOL ROWUH D IXQJHUH GD EDUULHUD
DOO
DFTXDFKHWHQGHDGDQGDUVHQHSHUHYDSRUD]LRQHHDVYROJHUHXQ
D]LRQHSURWHWWLYDFRQWUROH
SLRJJH EDWWHQWL YDQQR LQFRQWUR DG XQ SURFHVVR GL PLQHUDOL]]D]LRQH H XPLILFD]LRQH
3DUWLFRODUPHQWHLPSRUWDQWHqLOVHFRQGRFKHFRQVHQWHO
HYROYHUVLGHOODFRPSRQHQWHRUJDQLFDLQ
FRPSRVWLFRPSOHVVLLTXDOLKDQQRXQDVSLFFDWDDWWLWXGLQHDWUDWWHQHUHO
DFTXDPDDOWUHWWDQWR
IDFLOPHQWHDFHGHUODDOOHSLDQWHVHQ]DFKHTXHVWHHVHUFLWLQRHOHYDWLVIRU]LGLVX]LRQH/DWHVL
&7LQYHFHDSDULWjGLSRWHQ]LDOHIRUQLVFHTXDQWLWDWLYLLGULFLLQIHULRULTXHVWRqVSLHJDELOHFRQLO
IDWWRFKHVSHVVROHWHFQLFKHFRQYHQ]LRQDOLWHQGRQRDODYRUDUHHFFHVVLYDPHQWHLOWHUUHQRVLDSHU
QXPHURGLSDVVDJJLFKHSHULQWHQVLWjFDXVDQGRXQDGHVWUXWWXUD]LRQHVXSHUILFLDOH0RWLYRSHU
FXLLSULPLFHQWLPHWULVSHVVRVRQRPHQRDGDWWLDWUDWWHQHUHO
DFTXDHSRVVRQRDQGDUHLQFRQWUR
IDFLOPHQWH DO IHQRPHQR GHOOD FURVWD VXSHUILFLDOH FKH RVWDFROD O
HPHUJHQ]D GHOOH JLRYDQL
SLDQWLQH 
1HOVHFRQGRVWUDWRGLWHUUHQRODVLWXD]LRQHSHUODWHVL&7PLJOLRUDIRUQHQGRTXDQWLWDWLYLLGULFL
PDJJLRULULVSHWWRDSULPDHDSRWHQ]LDOLPLQRULTXHVWRJUD]LHDOOHEXRQDVWUXWWXUDFUHDWDGDOOH
ODYRUD]LRQLFRQYHQ]LRQDOLOHTXDOLFRQWULEXLVFRQRDFUHDUHQHOWHUUHQRXQDPELHQWHRWWLPDOH
SHUORVYLOXSSRUDGLFDOHGHOOHFROWXUHDQFKHVHFRPHYLVWRSULPDSUHVHQWDQRGHLGLIHWWL/DWHVL
07FRQWLQXDDGRPLQDUHSHUFRQWHQXWRLGULFRPHVVRDGLVSRVL]LRQHDSDULWjGLWHQVLRQH'DWR
FKHQRQVLULVFRQWUDQRVLJQLILFDWLYHGLIIHUHQ]HQHOOHWHVVLWXUDWUDODWHVL&7H07LOPDJJLRU
FRQWHQXWR LGULFR ULVFRQWUDWR QHO WHUUHQR FRQGRWWR FRQ OD PLQLPD ODYRUD]LRQH SXz HVVHUH
LPSXWDWRDOODPLJOLRUHVWUXWWXUDFUHDWHVLHDOODPDJJLRUSUHVHQ]DVLVRVWDQ]DRUJDQLFDFKHJLRFD
VLFXUDPHQWHXQUXRORGHFLVLYRQHOWUDWWHQLPHQWRLGULFR/DWHVL17SUHVHQWDLYDORULDVVROXWLGL
XPLGLWjSLEDVVLVHPSUHDSDULWjGLSRWHQ]LDOHIRUVHDFDXVDGLXQDWHVVLWXUDWHQGHQ]LDOPHQWH
SLVDEELRVDHGLXQPDJJLRUFRPSDWWDPHQWRGHOWHUUHQRGRYXWRDOWUDIILFRFKHSHJJLRUDOD
VWUXWWXUD 
1HOORVWUDWRGLWHUUHQRIUDHFPOHFXUYHWHQVLRPHWULFKHGHOOHWHVL&7H07VRQRPROWR
YLFLQHHSRLVLLQWHUVHFDQR,QL]LDOPHQWHDSDULWjGLSRWHQ]LDOHODWHVL07SRVVLHGHXQPDJJLRU 
 
 
 
FRQWHQXWRLGULFRSRLDGXQS)GLFLUFDODVLWXD]LRQHVLLQYHUWH'DWRFKHODGLIIHUHQ]DWUD
YDORUH PDVVLPR H YDORUH PLQLPR GHOOD WHVL &7 q PLQRUH ULVSHWWR D TXHOOR GHOOD WHVL 07
SRVVLDPRGLUHFKHTXHVW
XOWLPDqFDSDFHGLIRUQLUHXQPDJJLRUTXDQWLWDWLYRLGULFRDOOHSLDQWH
8QGLVFRUVRDQDORJRSXzHVVHUHIDWWRDQFKHSHUODWHVL17FKHSUHVHQWDLYDORULDVVROXWLGL
XPLGLWjSLEDVVLVHPSUHDSDULWjGLSRWHQ]LDOHDFDXVDGLXQDWHVVLWXUDWHQGHQ]LDOPHQWHSL
VDEELRVDPDVHVLIDODGLIIHUHQ]DWUDLOYDORUHPDVVLPRHLOYDORUHPLQLPRVLYHGHFRPHFLVLD
XQPDJJLRUYROXPHGLDFTXDPHVVRDGLVSRVL]LRQHGXQTXHTXHVWDWHVLWUDWWLHQHPHQRDFTXD
PDDOORVWHVVRWHPSRODFHGHSLIDFLOPHQWHLQTXHVWRPRGRVLVSLHJDODPDJJLRUSHQGHQ]D
GHOODFXUYD 
/
XOWLPRVWUDWRFRQVLGHUDWRqTXHOORFKHVLWURYDDGXQDSURIRQGLWjWUDLHFP4XLL
YDORULPDVVLPLGLXPLGLWjTXDVLFRLQFLGRQRWUDODWHVL&7H07LQVHJXLWRVLSXzQRWDUHXQ
UDSLGRDEEDVVDPHQWRGHOODFXUYDWHQVLRPHWULFDGHOODWHVL&7VHJXLWRSRLGDXQDULSUHVDYHUVR
O
DOWR TXHVWR DQGDPHQWR DPELJXR SXz HVVHUH LPSXWDELOH DOOD SUHVHQ]D GL XQD VXROD GL
ODYRUD]LRQHFKHDOWHUDXQSR¶LYDORUL/DWHVL07FRQWLQXDDGHWHQHUHLOSULPDWRSHULYDORUL
DVVROXWLGLXPLGLWjDOYDULDUHGHOODWHQVLRQHDQFKHVHODWHVL17qLQJUDGRGLIRUQLUHXQ
YROXPHLGULFRTXDVLHTXLYDOHQWHSXUDYHQGRYDORULDVVROXWLLQIHULRUL 
,O3RWHQ]LDOHqXQDIXQ]LRQHLQGLUHWWDPHQWHSURSRU]LRQDOHDOJUDGRGLXPLGLWjHDSDULWjGL
HVVDYDULDLQUHOD]LRQHDOODWHVVLWXUDVWUXWWXUDSRURVLWjHDOODSUHVHQ]DGLSDUWLFHOOHFROORLGDOL
,QOLQHDJHQHUDOHVLSXzDIIHUPDUHFKHDOGHFUHVFHUHGHOO¶XPLGLWjGHOWHUUHQRGLPLQXLVFHDQFKH
LO3RWHQ]LDOHPDWULFLDOHFLRqDXPHQWDLOVXRYDORUHDVVROXWR4XDQGRWXWWDODSRURVLWjGHO
WHUUHQR q RFFXSDWD GDOO¶DFTXD LO 3RWHQ]LDOH PDWULFLDOH HTXLYDOH D ]HUR H O¶XPLGLWj
FRUULVSRQGHQWHYLHQHGHILQLWD&DSDFLWj,GULFD0DVVLPD&,0,QXQWHUUHQRWDOHVLWXD]LRQH
QRQVLPDQWLHQHQHOWHPSRDPHQRGLSDUWLFRODULFRQGL]LRQLGLLPSHUPHDELOLWjGHOVRWWRVXRORH
LPSRVVLELOLWjGLPRYLPHQWLODWHUDOL1RUPDOPHQWHODJUDYLWjDJLVFHVXOOLTXLGRIDYRUHQGRQHLO
PRYLPHQWRYHUVRLOEDVVRHLQXQSHULRGRYDULDELOHGDXQRDWUHJLRUQLO¶DFTXDFRQWHQXWDQHL
PDFURSRULYLHQHDOORQWDQDWDHFRVuGHILQLWD$FTXDGL3HUFROD]LRQH/DYHORFLWjFRQFXLHVVD
YLHQH VPDOWLWD GDO VXROR q GHFUHVFHQWH QHO WHPSR SHUFKp D PDQR D PDQR FKH O¶XPLGLWj
GLPLQXLVFHGLPLQXLVFHDQFKHLO3RWHQ]LDOHPDWULFLDOHRYYHURDXPHQWDLOVXRYDORUHDVVROXWR,
WHUUHQLVFLROWLVRQRSLULFFKLGLPDFURSRULHODSHUGLWDGLDFTXDDYYLHQHSLYHORFHPHQWH
ULVSHWWR FKH QHL WHUUHQL DUJLOORVL 4XHVWD IUD]LRQH GL XPLGLWj WUDWWHQXWD GHEROPHQWH GDOOD
PDWULFHVROLGDSXzHVVHUHIDFLOPHQWHDVVRUELWDGDOOHSLDQWHDQFKHVHqGLVSRQLELOHQHOVXROR
VRORSHUEUHYHWHPSRVHSHUPDQHDOXQJRVLFUHDQRFRQGL]LRQLGLLQVXIILFLHQWHGLVSRQLELOLWj
G¶DULDQHOWHUUHQRPHWWHQGRLQGLIILFROWjOHSLDQWHFKHSRVVRQRPDQLIHVWDUHVLQWRPLGL³DVILVVLD 
 
 
 
UDGLFDOH´ 
7RUQDQGRDOODFXUYDGLULWHQ]LRQHLGULFDVLqGHWWRFKHO¶DFTXDGLSHUFROD]LRQHYLHQHSHUVDSHU
HIIHWWRGHOODIRU]DGLJUDYLWjFRQYHORFLWjGHFUHVFHQWHVLDUULYDFRVuDGXQSXQWRLQFXLOD
YHORFLWj GL SHUFROD]LRQH q WDOPHQWH OHQWD GD DYYLFLQDUVL PROWR D ]HUR,Q TXHVWR SXQWR OD
VROX]LRQHFLUFRODQWHqWUDWWHQXWDGDOVXEVWUDWRSHGRORJLFRHLOOLYHOORGLXPLGLWjFRUULVSRQGHQWH
YLHQHGHILQLWR&DSDFLWjGL&DPSR&&,OOLYHOORGLTXHVWRSDUDPHWURULIHULWRDOFRQWHQXWRGL
XPLGLWDYDULDPROWRGDWHUUHQRDWHUUHQRWXWWDYLDVHORULIHULDPRDO3RWHQ]LDOHPDWULFLDOHHVVR
DVVXPHYDORULSUHVVRFKpFRVWDQWLHPROWRYLFLQLD-03DS)§ 
'DOOD&DSDFLWjGL&DPSRO¶XPLGLWjYLHQHSURJUHVVLYDPHQWHSHUVDDFDXVDGHOO¶HYDSRUD]LRQHH
GHOO¶DVVRUELPHQWRUDGLFDOHGHOOHSLDQWH$PDQRDPDQRFKHFLVSRVWLDPRLQEDVVRVHJXHQGR
O¶DQGDPHQWRGHOODFXUYDLOOLYHOORLGULFRGLPLQXLVFHHDXPHQWDLOYDORUHDVVROXWR GL  ؁SP
JHQHUDQGR XQD SURJUHVVLYD GLIILFROWj GL VX]LRQH SHU L YHJHWDOL ILQR DG XQ SXQWR LQ FXL
O¶DVVRUELPHQWRUDGLFDOHFHVVD6HSHUPDQHTXHVWDVLWXD]LRQHODSLDQWDqGHVWLQDWDDPRULUHGL
VLFFLWj³VLGLFHFKHDYYL]]LVFH´4XHVWRSXQWRYLHQHSHUWDQWRGHILQLWR3XQWRGL$YYL]]LPHQWR
3$R&RHIILFLHQWHGL$YYL]]LPHQWR&$HVLUDJJLXQJHFRQYDORULGL؁SPFRPSUHVLWUD-H
-03DS)§±,O&$qXQDFDUDWWHULVWLFDGHOWLSRGLWHUUHQRHXQDFRVWDQWHSHUOH
YDULHFROWXUHWXWWDYLDHVLVWRQRDOFXQHHFFH]LRQLFRPHOHSLDQWH[HURILWHHDORILWHOHTXDOLKDQQR
VYLOXSSDWRSDUWLFRODULVWUDWHJLHSHUDVVRUELUHDFTXDDQFKHDSRWHQ]LDOLPROWRSLEDVVLDQFKH
ILQRD-03D 
/DIUD]LRQHGLDFTXDFRQWHQXWDIUDOD&DSDFLWjGL&DPSRHLO&RHIILFLHQWHGL$YYL]]LPHQWR
UDSSUHVHQWDODFRVLGGHWWD$FTXDPDVVLPDGLVSRQLELOH$GP(VVDUDSSUHVHQWDXQ¶LPSRUWDQWH
ULVHUYDLGULFDFKHSHUPHWWHDOOHFROWXUHGLUHVLVWHUHDSHULRGLSLRPHQROXQJKLLQFXLYHQJRQR
DPDQFDUHDSSRUWLLGULFLQDWXUDOLRDUWLILFLDOLGLDFTXD/¶$FTXD'LVSRQLELOH$'qLQYHFHXQD
IUD]LRQHGHOO¶$GPHFRUULVSRQGHDOO¶DFTXDFKHSXzHVVHUHIDFLOPHQWHDVVRUELWDGDOOHSLDQWH
VHQ]DLQGXUUHLQHVVHFRQGL]LRQLGLVWUHVVVLULFRUGDFKHODSLDQWDGHYHFRPSLHUHXQRVIRU]RGL
VX]LRQHWDQWRPDJJLRUHTXDQWRPLQRUHqO¶XPLGLWjSXzDVVXPHUHXQYDORUHPDVVLPRSDUL
DOO¶$GPHXQYDORUHPLQLPR³WHRULFR´GL]HUR3HUJUDQSDUWHGHOOHFROWXUHGLSLHQRFDPSR
FHUHDOLEDUEDELHWRODGD]XFFKHURJLUDVROHVRLDHFFO¶$GFRUULVSRQGHDO±GHOO¶$GP
RYYHURDGXQSRWHQ]LDOHGL-·-03D3HUSLDQWHPROWRJLRYDQLHSHUFROWXUHRUWLFROH
FRPH]XFFKLQRFHWULRORLQVDODWHPHODQ]DQDHFFDSDULWjGLWHUUHQRO¶$FTXD'LVSRQLELOHq
XQDIUD]LRQHPROWRSLULGRWWDGHOO¶$FTXDPDVVLPDGLVSRQLELOHHFRUULVSRQGHDGXQ؁SPGL-
03D SHU DOWUH VSHFLH FRPH SRPRGRUR H SHSHURQH O¶$' SXz DUULYDUH ILQR DO ±
GHOO¶$GP 
&RQWLQXDQGR D VFHQGHUH OXQJR OD FXUYD GL ULWHQ]LRQH LGULFD H ROWUHSDVVDQGR LO 3XQWR GL 
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$YYL]]LPHQWR LO WHUUHQR SXz XOWHULRUPHQWH SURVFLXJDUVL PD VROR SHU HIIHWWR
GHOO¶HYDSRUD]LRQH/¶DFTXDFKHYLHQHSHUVDLQTXHVWDIDVHYLHQHGHWWD$FTXDQRQGLVSRQLELOH
$QG LQ TXDQWR QRQ q HIIHWWLYDPHQWH XWLOL]]DELOH GDOOH SLDQWH D FDXVD GHOO¶HOHYDWR YDORUH
DVVROXWRGL؁SP&RQWLQXDQGRFRQO¶HYDSRUD]LRQHVLDUULYDDOPRPHQWRLQFXLODWHQVLRQH
GHOO¶DFTXDQHOWHUUHQRVLPHWWHLQHTXLOLEULRFRQODWHQVLRQHGLYDSRUHGHOO¶DWPRVIHUDFRVuOD
SHUGLWD GL XPLGLWj GL DUUHVWD ,O YDORUH FKH LQGLFD LO FRQWHQXWR GL DFTXD SUHVHQWH LQ WDOH
PRPHQWRSUHQGHLOQRPHGL&RHIILFLHQWH,JURVFRSLFR&,HYLHQHUDJJLXQWRDYDORULGL؁SP
FRPSUHVLWUD-H-03DDVHFRQGDGHOO¶XPLGLWjUHODWLYDGHOO¶DULDHQRQUDSSUHVHQWDTXLQGL
XQDFDUDWWHULVWLFDVSHFLILFDGHOWHUUHQR 
/¶XOWHULRUHDFTXDUHVLGXDFKHULPDQHQHOVXRORGRSRTXHVWRSXQWRSXzHVVHUHVRWWUDWWDVROR
SRQHQGRLOWHUUHQRLQVWXIDD±&SHU±RUHHYLHQHGHILQLWD$FTXD,JULVFRSLFD 
)DWWDTXHVWDSUHPHVVDHWHQHQGRFRQWRGHOOHFRQGL]LRQLGHLWHUUHQLHGHOWLSRGLFROWXUDLQDWWR
VLqILVVDWRLOYDORUHGHOOD&DSDFLWjGL&DPSR&&DGXQDWHQVLRQHGL$WPFKHFRUULVSRQGH
DGXQDS)ORJFP+2GLHTXHOORUHODWLYRDOSXQWRGLDYYL]]LPHQWR3$SDULDGXQD
WHQVLRQHGL$WPFKHHTXLYDOHDGXQS)GL,OFRQWHQXWRLGULFRFRPSUHVRWUDTXHVWLGXH
YDORULGHWHUPLQDO¶$FTXDPDVVLPDGLVSRQLELOH6LqSRLLSRWL]]DWRFKHO¶$FTXD'LVSRQLELOHVLD
LOGHOO¶$GPFLRqFKHGXUDQWHODVWDJLRQHYHJHWDWLYDORVWUHVVLGULFRLQL]LDYHULILFDUVLVROR
TXDQGRVLDVWDWRDVVRUELWRLOSULPRGHOO¶$GP 
1HOOD7DEHOODqSRVVLELOHYHGHUHLOOLYHOORGLXPLGLWjFRUULVSRQGHQWHDOOD&&HDO3$SHU
FLDVFXQDVRQGDHSHUOHTXDWWURSURIRQGLWjFRQVLGHUDWH 
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TESI  SONDA 
CC (%)  PA (%) 
0-10cm  10-25cm  25-35cm  35-50cm  0-10cm  10-25cm  25-35cm  35-50cm 
CT 
69  56,37  56,80  46,03  35,09  11,88  16,04  25,66  22,06 
70  44,29  31,70  42,47  35,09  15,48  23,39  29,26  22,06 
71  32,21  40,63  40,72  35,09  19,07  25,16  22,88  22,06 
MT 
72  33,08  45,08  44,11  42,61  19,34  26,04  24,48  25,26 
73  30,18  37,78  44,95  42,61  19,15  25,74  29,08  25,26 
74  30,67  36,34  42,89  42,61  18,44  21,51  26,13  25,26 
NT 
75  25,15  36,29  36,40  38,71  13,83  19,62  21,87  21,22 
76  26,86  27,66  35,54  38,71  14,76  17,88  17,62  21,22 
77  26,41  33,13  38,55  38,71  17,07  17,58  19,87  21,22 
 µ CT  44,29  43,04  43,07  35,09  15,48  21,53  25,93  22,06 
 µ MT  31,31  39,73  43,98  42,61  18,98  24,43  26,56  25,26 
µ NT  26,14  32,36  36,83  38,71  15,22  18,36  19,79  21,22 
7DEHOOD -9DORUL GL XPLGLWj DOOD &DSDFLWj GL &DPSR HDO3XQWR GL$YYL]]LPHQWR ULIHULWL DO
WHUUHQRLQSURVVLPLWjGHOOHVRQGHSHUOHTXDWWURSURIRQGLWjFRQVLGHUDWH 
,GDWLGHOODWDEHOODVRQRSRLULDVVXQWLQHO*UDILFRFKHULSRUWDQHOO¶DVVH;LOFRQWHQXWRLGULFR
DOOD&&HDO3$SHUFLDVFXQDWHVLHQHOO¶DVVH<LOUDQJHGLSURIRQGLWjGHOWHUUHQRFRQVLGHUDWR 
 
*UDILFR  - 9DORUL PHGL GL XPLGLWj DOOD &DSDFLWj GL &DPSR H DO 3XQWR GL
$YYL]]LPHQWRULIHULWLDOOHWUHWHVLLQIXQ]LRQHSURIRQGLWjFRQVLGHUDWD  
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)DFHQGRODGLIIHUHQ]DWUDLOFRQWHQXWRLGULFRDOOD&&HLO3$VLFDOFRODFRVuODTXDQWLWjGL
$FTXDPDVVLPDGLVSRQLELOHDQFKHTXHVWDHODERUDWDSHUVLQJRODWHVLHSHUOHTXDWWURSURIRQGLWj
FRQVLGHUDWH*UDILFR 
 
*UDILFR  - 4XDQWLWj PHGLD GL $FTXD PDVVLPD GLVSRQLELOH QHOOH GLYHUVH WHVL LQ
IXQ]LRQHGHOODSURIRQGLWjFRQVLGHUDWD 
/¶DFTXDPDVVLPDGLVSRQLELOHSHUO¶DVVRUELPHQWRUDGLFDOHQHLSULPLFPGLWHUUHQRULVXOWD
PHGLDPHQWH PDJJLRUH QHOOD WHVL &7 FRQ XQ PDVVLPR GL TXDVL LO  SRL GHFUHVFH
UDSLGDPHQWHVFHQGHQGROXQJRLOSURILORGHOWHUUHQRSHUWRFFDUHLOPLQLPRGHOQHOORVWUDWR
D-FPGLSURIRQGLWj4XHVWRYDORUHPROWREDVVRqVLFXUDPHQWHGRYXWRDOODSUHVHQ]DGL
XQDVXRODGLODYRUD]LRQHSUHVHQWHDTXHOODSURIRQGLWjFDXVDWDGDOOHRSHUD]LRQLGLDUDWXUD,O
WHUUHQR LQ TXHVWR VWUDWR q PROWR FRPSDWWR H GHVWUXWWXUDWR H ROWUH D LPSHGLUH XQ IDFLOH
DSSURIRQGLPHQWRUDGLFDOHqXQRVWDFRORDOUDSLGRGUHQDJJLRGHOOHDFTXHGLSHUFROD]LRQHLQ
HFFHVVR /H WHVL 17 q TXHOOD FKH SUHVHQWD XQD TXDQWLWj GL DFTXD PDVVLPD GLVSRQLELOH
PHGLDPHQWHSLEDVVD,YDORULQHLSULPLFHQWLPHWULSLVXSHUILFLDOLVRQRTXHOOLFKHUHJLVWUDQR
LOPLQLPRDFLUFDO¶SRLDPDQRDPDQRFKHVLVFHQGHOXQJRLOSURILORGHOVXRORO¶$GP
WHQGHDGDXPHQWDUHSULPDYHORFHPHQWHSRLSLOHQWDPHQWHILQRDUHJLVWUDUHXQPDVVLPRGL
QHOORVWUDWRD-FPGLSURIRQGLWj4XHVWRqXQIDWWRSRFRDWWHVRLQTXDQWRFLVL
VDUHEEHDVSHWWDWLGLYHGHUHYDORULSLHOHYDWLQHLSULPLVWUDWLJUD]LHDOODPDJJLRUSUHVHQ]DGL
VRVWDQ]DRUJDQLFD FKH JLRFDXQUXRORLPSRUWDQWHQHO WUDWWHQLPHQWR LGULFR ,Q UHDOWjQRQq
DQGDWDFRVuIRUVHDFDXVDGHOPDJJLRUFRQWHQXWRGLVDEELDSUHVHQWHFKHPHGLDPHQWHULVXOWD 
 
 
 
HVVHUHGHOQHLSULPLFPSHUSRLGHFUHVFHUHVFHQGHQGROXQJRLOSURILORPDLQRJQL
FDVR SRVVLDPR GLUH FKH LO WHUUHQR KD PDQWHQXWR FRPXQTXH XQD EXRQD VWUXWWXUD]LRQH LQ
SURIRQGLWj FKH KD SHUPHVVR XQ PDJJLRU LPPDJD]]LQDPHQWR GHOOD ULVHUYD LGULFD 9DORUL
LQIHULRULGL$GPULVSHWWRDOODWHVL07H&7VRQRSHUFLzVRSUDWWXWWRGDLPSXWDUHDVLJQLILFDWLYH
GLIIHUHQ]H QHOOD WHVVLWXUD LQ SDUWLFRODUH LQ QHL WHUUHQL GHVWLQDWL D VHPLQD VX VRGR VL KD
PHGLDPHQWHLOLQSLGLVDEELDFKHFRPHqQRWRKDXQDPLQRUHFDSDFLWjGLWUDWWHQXWD
LGULFDULVSHWWRDOOLPRHDOO¶DUJLOOD 
/HTXDQWLWjGLDFTXDPDVVLPDGLVSRQLELOHQHOODWHVL07ULVXOWDQRLQL]LDOPHQWHFLUFDGXHSXQWL
SHUFHQWXDOLVXSHULRULDTXHOODGHOODWHVL17JUD]LHVRSUDWWXWWRDOODPLQRUGRWD]LRQHGLVDEELD
GHO WHUUHQR$OO¶DXPHQWDUH GHOOD SURIRQGLWj L YDORUL GHOO¶$GP DXPHQWDQR H VL DYYLFLQDQR
VHPSUHSLDTXHOOLGHOODWHVL17SHUDUULYDUHTXDVLDGHTXLYDOHUVLFRQHVVDDOODSURIRQGLWjGL
-FP$QFKHTXL TXHVWR WUHQGGL DXPHQWR GHOO¶$GP DOO¶DXPHQWDUH GHOODSURIRQGLWjq
LQGLFHGLFRPHOHODYRUD]LRQLFRQVHUYDWLYHFRQWULEXLVFDQRDFUHDUHHPDQWHQHUHXQDEXRQD
VWUXWWXUDQHOWHUUHQRDQFKHQHJOLVWUDWLSLSURIRQGLDQFKHVHPHGLDPHQWHODTXDQWLWjGL$FTXD
PDVVLPDGLVSRQLELOHULVXOWDHVVHUHGHOQHOODWHVL17HGHOQHOODWHVL07FRQWUR
XQGHOODWHVL&7 
4XHVWLULVXOWDWLDSSDLRQRDSULPDYLVWDFRQWUDVWDQWLFRQTXHOOL YLVWL SUHFHGHQWHPHQWHQHOOH
FXUYHGLULWHQ]LRQHPDTXHVWHGLIIHUHQ]HVRQRIDFLOPHQWHVSLHJDELOLFRQLOIDWWRFKHSULPDVL
HUDQRDQDOL]]DWHSHULQWHUROHFXUYHGLULWHQ]LRQHLGULFDGDXQS)GLDXQS)GLPHQWUH
TXHVWL XOWLPL YDORULVRQRHODERUDWLVHPSUHGDOOHPHGHVLPHFXUYHPDVROR SHULOWUDWWRGL
LQWHUHVVHDJURQRPLFRFKHYDGDXQS)GLFRUULVSRQGHQWHDOOD&DSDFLWjGL&DPSRDGXQS)
GLHTXLYDOHQWHDO3XQWRGL$YYL]]LPHQWR 
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'LVSRQLELOLWjGLDFTXDGXUDQWHLOFLFORFROWXUDOH 
'DLULVXOWDWLRWWHQXWLHVRSUDGHVFULWWLVLqRUDLQJUDGRGLGHWHUPLQDUHSHULRGLGLVWUHVVLGULFR
RYYHURTXDQGROHSLDQWHKDQQRDVVRUELWRLOSULPRGHOO¶$GPHGHYRQRLQWHQVLILFDUHOR
VIRU]RGLVX]LRQHSHUYLQFHUHOHIRU]HGLWHQVLRQHPDWULFLDOHGHOWHUUHQR4XHVWRSXQWRYLHQHD
FROORFDUVLDPHWjVWUDGDWUDLOYDORUHGLXPLGLWjDOOD&&HDO3$3HUYHGHUHJUDILFDPHQWHL
SHULRGLHJOLVWDWLGLWHUUHQRLQFXLVLVRQRYHULILFDWLSHULRGLGLPDQFDQ]DGLDFTXDGLVSRQLELOH
$'SRVVRQRWRUQDUHXWLOLOHFXUYHGLXPLGLWjLQL]LDOLRSSXUHDGHVVRFKHVRQRVWDWHGHULYDWH
OHFXUYHWHQVLRPHWULFKHSRVVLDPRGHULYDUHO¶DQGDPHQWRGHOOHWHQVLRQLSHULYDULVWUDWL 
,JUDILFLVRWWRVWDQWLDVLQLVWUDUDSSUHVHQWDQRO¶DQGDPHQWRGHOODWHQVLRQHPDWULFLDOHGHOWHUUHQR
DOOHYDULHSURIRQGLWjHSHUOHVRQGHLQHVDPH/HGXHEDUUHRUL]]RQWDOLLQGLFDQRLOOLYHOORGL
WHQVLRQHDFXLFRUULVSRQGHOD&&HLO3$LOSXQWRLQFXLLQL]LDORVWUHVVLGULFRVDUjFROORFDWRLQ
SRVL]LRQHLQWHUGLVWDQWHWUDOHGXHEDUUH3HUPHJOLRHYLGHQ]LDUHLSHULRGLGLPDQFDQ]DGL$'
QHLYDULVWUDWLDFFDQWRDLJUDILFLGHOOHFXUYHWHQVLRPHWULFKHVRQRFROORFDWLGHLJUDILFLDEDUUH
LQFXLODOXQJKH]]DGLRJQLEDUUDLGHQWLILFDXQSHULRGRGLVWUHVVLGULFRHVSUHVVRLQJLRUQLSHU
TXHOODGHWHUPLQDWDSURIRQGLWj  
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'XUDQWHLOFLFORYHJHWDWLYRO¶XPLGLWjHODWHQVLRQHQHOWHUUHQRqYDULDWDPROWRQHLYDULVLWLGL
SURYDHQHLGLYHUVLVWUDWLPDORVWUHVVLGULFRVLYHULILFDVRODPHQWHTXDQGRVLqHVDXULWDO¶$FTXD
'LVSRQLELOHHQHOORVWHVVRWHPSRqSUHVHQWHXQDSSDUDWRUDGLFDOHDWWLYRLQTXHOORVWHVVRVWUDWR 
Nelle tesi CT i periodi di stress idrico sono iniziati verso la fine del mese di maggio e hanno 
riguardato inizialmente le profondità di 10 e 30 cm. Questo è concorde con le aspettative in 
quanto l'apparato radicale è in piena crescita e deve ancora arrivare ad interessare gli strati di 
terreno  più  profondi.  Nel  mese  di  giugno  lo  stress  idrico  coinvolge  principalmente  le 
profondità di 10, 30 e 40 cm. La durata di questo periodo varia in funzione della sonda in 
esame e si interrompe grazie all'apporto di acqua piovana che alza i livelli di umidità del 
suolo, abbassando così il livello del potenziale idrico; in particolare la sonda 69 è quella che 
registra mediamente più giorni di stress idrico nei vari strati continuando anche durante tutto 
il mese di luglio. La sonda 70 sembra essere quella a risentire meno della siccità localizzando 
lo stress idrico solo nel primo strato superficiale di terreno e in quello a 40 cm di profondità. 
In una situazione intermedia invece la sonda 71, che registra condizioni di scarsità d'acqua in 
tutti i primi 40 cm di terreno. Questi andamenti si ripetono in modo simile anche nel mese di 
agosto, ma in ogni caso se guardiamo i valori assoluti massimi di potenziale, questi si sono 
registrati per ogni sonda poco dopo la metà di luglio, raggiungendo picchi maggiori nella 
sonda 69. Dando uno sguardo ai dati medi delle 3 ripetizioni all'interno della tesi si può 
vedere un riassunto di quanto detto sopra, inoltre appare evidente che nello strato di terreno 
più profondo, mediamente non si sono registrati significativi periodi di stress, questo può 
essere  dovuto  alla  presenza  della  suola  di  lavorazione  che  ha  impedito  un  ottimale 
approfondimento  radicale,  di  conseguenza  li  non  si  verificano  periodi  di  scarsità  idrica 
semplicemente perché li non va a localizzarsi l'apparato radicale in assorbimento. 
Anche nelle tesi MT i periodi di stress idrico sono cominciati verso la fine del mese di maggio 
e riguardando inizialmente le profondità di 10 e 30 cm. Nel mese di luglio momenti di scarsità 
G¶DFTXD interessano tutte e 5 le profondità in esame, mentre nelle tesi CT di prima lo stato più 
profondo non era quasi mai interessato da periodi siccitosi. Con questo possiamo dire che in 
questa  tipologia  di  lavorazione  conservativa  del  terreno,  il  suolo  presenta  un  profilo  più 
uniforme senza che ci siano strati più compatti che impediscono l'approfondimento radicale. 
Questi periodi di stress idrico permangono anche nei mesi di luglio e agosto anche se interrotti 
da DOFXQLPRPHQWLFRQGRWD]LRQLG¶acqua ottimale in seguito a eventi piovosi. Anche qui c'è 
una sonda (74) che si discosta un SR¶dalle altre 2 registrando valori di umidità ideali almeno 
nei primi 20 cm di terreno; le altre 2 sonde invece mostrano periodi di stress simili sia per 
durata  che  per  profondità.  Dando  uno  sguardo  alla  fine  sui  dati  medi  si  può  dire  che  
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mediamente le tesi MT hanno subito un maggior periodo di stress idrico rispetto alle tesi CT, 
pur avendo approfondito maggiormente l'apparato radice e localizzato un assorbimento più in 
profondità. I mesi più siccitosi si confermano essere luglio e agosto, mentre i valori assoluti 
massimi di potenziale si sono registrati, come per le tesi CT, nel mese di luglio, raggiungendo 
picchi maggiori nella sonda 73. 
Nelle tesi NT si hanno dei risultati particolari, innanzitutto si può vedere che la sonda 77 non 
registra mai nessun giorno di stress, facendo sembrare che le piante operino sempre con una 
dotazione idrica ottimale. Nel mese di maggio solo una sonda registra un periodo di stress 
idrico e nei primi 10 cm di terreno. Questo è concorde con le aspettative in quanto si fa 
presente che le piantine sono ancora piccole e la semina è avvenuta con un ritardo di 5 giorni 
rispetto alle tesi precedenti. Nel mese di giugno momenti di stress continuano a riguardare 
esclusivamente lo strato di terreno più superficiale, mentre invece ci si sarebbe aspettati di 
vedere interessati anche gli strati più profondi, i quali registrano periodi siccitosi solo nel 
mese di luglio e solo in una sonda, continuando poi anche durante tutto agosto. Da questi 
risultati è difficile dire se l'apparato radicale si sia ben approfondito e se le piante ne abbiano 
risentito durante il periodo estivo in quanto i dati delle tre sonde sono abbastanza discordanti 
tra di essi. Dando uno sguardo infine ai dati medi possiamo vedere come i periodi di stress 
siano molto ridotti rispetto alle tesi precedenti e concentrati per lo più solo nel mese di luglio 
e agosto. I valori assoluti massimi di potenziale idrico si sono verificati sempre nel mese di 
luglio in particolare nel primo strato di suolo a 10 cm. 
'DTXHVWHDQDOLVLSRVVLDPRFRQFOXGHUHFKHPHGLDPHQWHODWHVL07qTXHOODFKHKDUHJLVWUDWRL
PDJJLRULPRPHQWLGLVWUHVVLGULFRVLDSHUGXUDWDVLDSHUOHSURIRQGLWjLQWHUHVVDWHVLDSHUYDORUL
DVVROXWLGLSRWHQ]LDOH6HJXHODWHVL&7HSHUILQLUHODWHVL17FKHVHPEUDHVVHUHTXHOODPHVVD
PHJOLRGDOSXQWRGLYLVWDLGULFRÊQRWRSHUzFKHLPRPHQWLGLVWUHVVKDQQRULSHUFXVVLRQL
SURGXWWLYHGLYHUVHVXOOHSURGX]LRQLDVHFRQGDGHOORVWDGLRIHQRORJLFRLQFXLDYYHQJRQRSHU
HVHPSLRDSDULWjGLVWUHVVLGULFRVLKDQQRULGX]LRQLSURGXWWLYHPDJJLRULVHTXHVWRDYYLHQHLQ
ILRULWXUDSLXWWRVWRFKHLQPDWXUD]LRQHRLQOHYDWD6DSSLDPRFKHOHWHVL&7HG07VRQRVWDWH
VHPLQDWHORVWHVVRJLRUQRPHQWUHTXHOODGHO17qVWDWDVHPLQDWDJLRUQLGRSRPDQRQqGHWWR
FKH OH SLDQWH VL VLDQR VYLOXSSDWH FRQ OD VWHVVD YHORFLWj RYYHUR OH IDVL IHQRORJLFKH VLDQR
VLQFURQL]]DWH WUD OH GLYHUVH WHVL ,Q SUDWLFD VL SUHVXSSRQH XQ¶LQWHUD]LRQH WUD OD YHORFLWj
VYLOXSSRGHOOHSLDQWHHOHWHFQLFKHGLODYRUD]LRQHGHOWHUUHQR 
1HO*UDILFRVLSXzYHGHUHO¶HYROX]LRQHGHOOHIDVLGLVYLOXSSRGHOODFROWXUDQHOWHPSRQHOOH
WHVLFRQVLGHUDWH 
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*UDILFR-)DVLGLVYLOXSSRGHOODFROWXUDQHOOHWUHWHVLDOWUDVFRUUHUHGHOWHPSR 
 
$SDULWjGLJLRUQRGLVHPLQDODWHVL07VHPEUDVYLOXSSDUVLFRQPDJJLRUHYHORFLWjGXUDQWHOH
SULPHIDVLSHUDUULYDUHLQILRULWXUDFRQTXDOFKHJLRUQRGLDQWLFLSRULVSHWWRDOODWHVL&7TXDVL
FRPHVHWURYDVVHXQWHUUHQRSLRVSLWDOHDOVXRVYLOXSSR/DWHVL17LQYHFHROWUHDGHVVHUH
VWDWDVHPLQDWDJLRUQLGRSRGLPRVWUDXQRVYLOXSSRSLOHQWRLQSDUWLFRODUHQHOOHSULPHIDVL
FKHGXUDQRFRPSOHVVLYDPHQWHXQDGHFLQDGLJLRUQLLQSL'LFRQVHJXHQ]DODILRULWXUDDQ]LFKp
DYYHQLUHLQWRUQRDO-GLJLXJQRFRPHSHUOHWHVL07H&7VLYHULILFDYHUVRLOGLOXJOLR
2YYLDPHQWHSRLDQFKHJOLVWDGLGLPDWXUD]LRQHULVXOWDQRWUDVODWLLQDYDQWLULVSHWWRDOOHWHVL
FRQGRWWHLQPDQLHUDFRQYHQ]LRQDOHHFRQODPLQLPDODYRUD]LRQH4XHVWRIDWWRqIDFLOPHQWH
FRPSUHQVLELOHLQTXDQWRXQWHUUHQRQRQODYRUDWRHVRWWRSRVWRDOWUDQVLWRYHLFRODUHWHQGHD
FRPSDWWDUVLHDFUHDUHFRVuXQDVLWXD]LRQHQRQRWWLPDOHSHUORVYLOXSSRGHOOHJLRYDQLSLDQWLQH
/¶LQWHUYHQWRGLGHFRPSDWWD]LRQHHVHJXLWRqVWDWRVLFXUDPHQWHXWLOHPDRYYLDPHQWHQRQqLQ
JUDGR GL ULSURGXUUH OH VWHVVH FRQGL]LRQL LGHDOL GHO WHUUHQR WLSLFKH GHOOH ODYRUD]LRQL
FRQYHQ]LRQDOLOHTXDOLKDQQRO¶RELHWWLYRGLFUHDUHXQDPELHQWHIDYRUHYROHDOODJHUPLQD]LRQH
GHL VHPL H XQR VWDWR VWUXWWXUDOH LGRQHR DOOD SHQHWUD]LRQH GHOOH UDGLFL H DO ORUR EXRQ
IXQ]LRQDPHQWR 
2UDFKHDEELDPRGHILQLWRODWHPSLVWLFDGHOOHIDVLIHQRORJLFKHQHOOHWUHWHVLQHLJUDILFLVHJXHQWL
SRVVLDPRYHGHUHLOLYHOOLGLXPLGLWjHGLWHQVLRQHDOOHYDULHSURIRQGLWjQHLGLYHUVLVWDGLGL
VYLOXSSR FRQVLGHUDWL HG LQGLYLGXDUH FRVu L PRPHQWL GL VWUHVV SL FKH SRVVRQR DYHU DYXWR
ULVYROWLPDJJLRULVXOOHSURGX]LRQL7DOHUDSSUHVHQWD]LRQHqQHFHVVDULDULVSHWWRDTXHOODFKH
FRQVLGHUDVRODPHQWHLJLRUQLGLFDOHQGDULRGDOPRPHQWRFKHOHWHVLQRQKDQQRDYXWRVLQFURQLD
QHOOHIDVLGLVYLOXSSR  
 
 
 
  
 
 
 
1HLSULPLGXHVWDGLGLVYLOXSSRFRQVLGHUDWLIRJOLHHIRJOLHVLSRVVRQRYHGHUHFRQWHQXWL
LGULFLRWWLPDOLQHOWHUUHQRDWXWWHOHSURIRQGLWjDQFKHVHO¶DSSDUDWRUDGLFDOHLQTXHVWRSULPR
SHULRGRVLFXUDPHQWHQRQKDFRPSOHWDWRORVYLOXSSRHGHYHDQFRUDLQWHUHVVDUHJOLVWUDWLSL
SURIRQGL,QRJQLFDVRDQFKHLSULPLFPGLWHUUHQRPRVWUDQRYDORULGLXPLGLWjLGHDOLDOOR
VYLOXSSRGHOODFROWXUDHPHGLDPHQWHPDJJLRULQHOODWHVL17,QTXHVWHIDVLGLUDSLGDFUHVFLWDOD
SLDQWDGLPDLVDQFKHVHLQWHUHVVDWDGDSHULRGLGLPDQFDQ]DGL$FTXD'LVSRQLELOHqDEEDVWDQ]D
WROOHUDQWH DOOR VWUHVV LGULFR ,O WDVVR GL FRQVXPR GL DFTXD q LQ UDSLGR DXPHQWR PD XQD
ULGX]LRQHDQFKHGHOGHOODFDSDFLWjGLWUDWWHQXWDLGULFD$GPLQTXHVWRSHULRGRQRQ
FRPSRUWDVLJQLILFDWLYLGDQQL4XDQGRWXWWHOHIRJOLHVRQRVSLHJDWHHLQL]LDODIDVHGLSUH-
ILRULWXUDFRQO¶HPLVVLRQHGHOSHQQDFFKLRVLDUULYDDOODIDVHULSURGXWWLYDGDVHWWLPDQDSULPD
GHOO¶HPLVVLRQHVHWHDVHWWLPDQHGRSRO¶HPLVVLRQHSHQQDFFKLRXQSHULRGRSDUWLFRODUPHQWH
VHQVLELOHSHULOPDLVLQFXLVRQRGDHYLWDUHVWUHVVLGULFL,OWDVVRGLXWLOL]]RGHOO
DFTXDqDOVXR
SXQWRSLDOWRHVHLOFOLPDqFDOGROHSLDQWHKDQQRELVRJQRGLPROWDDFTXDSHUPDQWHQHUVL
WXUJLGH HG HIILFLHQWL Ê IRQGDPHQWDOH TXLQGL SDUWLUH GDOOD FDSDFLWj  GL FDPSR GHO VXROR
DOO
LQL]LRGLTXHVWRSHULRGR,PDJJLRULGDQQLFKHSRVVRQRSRUWDUHSHUGLWHGLSURGX]LRQHILQDOH
RVFLOODQWLWUDLOHLOVLSRVVRQRDYHUHVXELWRGRSRO¶HPLVVLRQHGHOOHVHWHSRLFRQLO
SDVVDUHGHOWHPSRO¶HIIHWWRQHJDWLYRFDOD'DLJUDILFLSRVVLDPRSHUzYHGHUHSURSULRFRPHLQ
TXHVWD IDVH ULSURGXWWLYD VL YHULILFKLQR SHULRGL GL VWUHVV LGULFR QHOOH WHVL &7 HG 07
TXHVW¶XOWLPDUHJLVWUDDOWLOLYHOOLGLWHQVLRQHOXQJRWXWWRLOSURILORGHOWHUUHQRFRQVLGHUDWRLQGLFH
GLVFDUVLWjG¶DFTXDFRPHVLSXzYHGHUHGDOJUDILFRGHOO¶XPLGLWjDILDQFR/DWHVL&7VLWURYD
DQFK¶HVVDLQVWUHVVDOOHSURIRQGLWjWUDLHLFPPDFRQYDORULDVVROXWLGLSRWHQ]LDOH
LQIHULRULDOODWHVL074XHOORFKHYDPHJOLRVHPEUDHVVHUHLOQRQODYRUDWRFKHUHJLVWUDDQFKHLQ
TXHVWRSHULRGRGRWD]LRQLLGULFKHRWWLPDOLDWXWWHOHSURIRQGLWj 
1HJOLVWDGLGLULHPSLPHQWRGHOODJUDQHOODGDGXHVHWWLPDQHGRSRO¶HPLVVLRQHGHOOHVHWHDO
SXQWR QHUR OD SLDQWD GL PDLV q SL UHVLVWHQWH DJOL VWUHVV ULVSHWWR DO SHULRGR ULSURGXWWLYR
ULFKLHGHQGRFRPXQTXHXQDFHUWDTXDQWLWjG¶DFTXDSHUFRPSOHWDUHORVYLOXSSRGHOODFDULRVVLGH
Ê DXVSLFDELOH ULPDQHUH VRSUD OD PHWj GHOOD FDSDFLWj GL WUDWWHQLPHQWR LGULFR GHO VXROR SHU
IDYRULUH XQR VYLOXSSR UHJRODUH GHOOD FDULRVVLGH ILQR D PDWXUD]LRQH ILVLRORJLFD
6XFFHVVLYDPHQWHODGLVSRQLELOLWjG¶DFTXDSXzULGXUVLVHQ]DSHULFRORGLFDORGLUHQGLPHQWR
*XDUGDQGRLJUDILFLUHODWLYLDOODIDVHGLPDWXUD]LRQHDQFRUDXQDYROWDOHWHVLFKHVLWURYDQRLQ
GHILFLHQ]DLGULFDVRQRTXHOOHVRJJHWWHDODYRUD]LRQHFRQYHQ]LRQDOHHDPLQLPDODYRUD]LRQH
TXHVWDLQSDUWLFRODUHPRVWUDYDORULGLSRWHQ]LDOHFKHLQGXFRQRVWUHVVLGULFRLQWXWWLJOLVWUDWL
FRQVLGHUDWLLQGLFHFKHVLFXUDPHQWHO¶DSSDUDWRUDGLFDOHqDQGDWRDGDWWLQJHUHDFTXDDQFKHDOOD
SURIRQGLWjGLFP/DWHVLFRQYHQ]LRQDOHVHJXHO¶DQGDPHQWRGHOODWHVL07PDFRQYDORUL 
 
 
 
DVVROXWL GL SRWHQ]LDOH PLQRUL H SUREDELOPHQWH D FDXVD GHOOD IRUPD]LRQH GL XQD VXROD GL
ODYRUD]LRQHQRQVLUHJLVWUDQRLQWHQVLDVVRUELPHQWLQHOORVWUDWRSLSURIRQGRDFPIRUVH
SHUFKpO¶DSSDUDWRUDGLFDOHQRQqULXVFLWRDGDSSURIRQGLUVLLQPRGRRWWLPDOH/DWHVL17QRQ
UHJLVWUD SHULRGL GL PDQFDQ]D GL DFTXD GLVSRQLELOH HFFHWWR FKH QHO SHQXOWLPR VWUDWR GL
SURIRQGLWj FRQVLGHUDWR LQGLFDQGR FKH FRPXQTXH O¶DSSDUDWR UDGLFDOH VHPEUD HVVHUVL
DSSURIRQGLWRDGRYHUHPDqFRPHVHLOWHUUHQRIRVVHFDSDFHGLJHVWLUHPHJOLRODULVRUVDLGULFD 
,QFRQFOXVLRQHGDTXHVWLULVXOWDWLSRVVLDPRGLUHFKHODWHVLSLVWUHVVDWDqVLFXUDPHQWHOD07
VLDSHULQWHQVLWjYDORULDVVROXWLGLSRWHQ]LDOHLGULFRFKHSHUOHSURIRQGLWjLQWHUHVVDWHVHJXH
SRLODWHVL&7FRQWHQVLRQLPLQRULPDFRPXQTXHEHQVXIILFLHQWLDGHWHUPLQDUHVLWXD]LRQLGL
VWUHVVPHQWUHODWHVL17DSSDUHVYLOXSSDUVLFRQXQDGRWD]LRQHLGULFDTXDVLVHPSUHRWWLPDOH
HFFHWWRXQSHULRGRVLFFLWRVRQHOOHIDVHGLPDWXUD]LRQHFKHLQWHUHVVDORVWUDWRGLVXRORDFP
GLSURIRQGLWj&LVLDVSHWWDQRULSHUFXVVLRQLSURGXWWLYHPDJJLRULSHUOHWHVLFRQGRWWHFRQOD
PLQLPDODYRUD]LRQHLQTXDQWRQRQVLWURYDYDLQXQ¶RWWLPDOHGRWD]LRQHLGULFDDOPRPHQWRGHOOD
ILRULWXUDHGHOODPDWXUD]LRQH8QGLVFRUVRDQDORJRSXzHVVHUHIDWWRSHUODWHVL&7VRORFKH
O¶HQWLWjGHOOHSHUGLWHGRYUHEEHHVVHUHLQIHULRUH,OPDVVLPRSRWHQ]LDOHSURGXWWLYRLQYHFHOR
GRYUHPRWURYDUHHVSUHVVRQHOOHWHVL17 
 
5LVXOWDWLSURGXWWLYL 
1HOOD7DEHOODVRQRULSRUWDWLLULVXOWDWLSURGXWWLYLRWWHQXWLHLGDWLUHODWLYLDOO¶LQYHVWLPHQWR
FROWXUDOH,QRJQXQDGHOOHWUHULSHWL]LRQLDOO¶LQWHUQRGLFLDVFXQDWHVLLGHQWLILFDWHFRQLOQXPHUR
GHOODVRQGDqVWDWRSUHOHYDWRXQFDPSLRQHGLVSLJKHHGHWHUPLQDWRO¶LQYHVWLPHQWRFROWXUDOH
ULOHYDQGRLOQXPHURGLSLDQWHVXOOHILOHDGLDFHQWLODVRQGDSHUXQDOXQJKH]]DGLPHWUL/H
VSLJKHVRQRVWDWHSRLVJUDQDWHHODJUDQHOODPHVVDLQVWXIHWWDSHUFRQVHQWLUHGLDYHUHSRLLO
GDWRPHGLRGHOSHVRGHOODJUDQHOODVHFFD4XHVWLYDORULVRQRHVSUHVVLLQ³JUDPPLGLVRVWDQ]D
VHFFD´SHUGHSXUDUHGDOO¶HIIHWWRXPLGLWjFKHOHGLYHUVHVSLJKHSUHVHQWDYDQRDOPRPHQWRGHOOD
UDFFROWD ,O GDWR GHOO¶LQYHVWLPHQWR FROWXUDOH QSLDQWHP
 q QHFHVVDULR SHU ULIHULUH OH
SURGX]LRQL PHGLH GHOOH SLDQWH VXOO¶XQLWj GL VXSHUILFLH H DYHUH FRVu XQ GDWR SURGXWWLYR
FRPSOHVVLYRHVSUHVVRLQ³WRQQHOODWHVVHWWDUR´ 
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TESI  SONDA  INVESTIMENTO   PRODUZIONE UNITARIA 
(g s.s./pianta) 
PRODUZIONE TOTALE    
(t s.s./ha) 
CT 
69  6,5  169  11,0 
70  6,4  195  12,5 
71  6,3  195  12,2 
MT 
72  5,9  192  11,3 
73  6,2  176  10,9 
74  5,5  220  12,0 
NT 
75  5,4  159  8,5 
76  5,6  133  7,4 
77  4,7  164  7,7 
          µ CT  6,4  186  11,9 
µ MT  5,9  196  11,5 
µ NT  5,2  152  7,9 
 
7DEHOOD-,QYHVWLPHQWRFROWXUDOHHSURGX]LRQLPHGLHGLJUDQHOODSHUVLQJRODSLDQWDHSHUKD
HVSUHVVHLQVRVWDQ]DVHFFD 
&RPLQFLDQGRDJXDUGDUHODFRORQQDUHODWLYDDOO¶LQYHVWLPHQWRFROWXUDOHSRVVLDPRYHGHUHFKH
TXHVWRULVXOWDVXSHULRUHQHOODWHVLFRQGRWWDFRQODYRUD]LRQLFRQYHQ]LRQDOLFRQXQDPHGLDGL
SLDQWHP
DIURQWHGLXQLQYHVWLPHQWRWHRULFRLPSRVWDWRVXOODVHPLQDWULFHSDULDSLDQWH
P
4XHVWRYDORUHPDVVLPRUHODWLYRDOO¶LQYHVWLPHQWRQHOODWHVL&7HUDSUHYHGLELOHLQTXDQWR
TXHVWRWLSRGLFRQGX]LRQHKDO¶RELHWWLYRGLFUHDUHXQDPELHQWHIDYRUHYROHDOODJHUPLQD]LRQH
GHL VHPL H XQR VWDWR VWUXWWXUDOH LGRQHR DOOD SHQHWUD]LRQH GHOOH UDGLFL H DO ORUR EXRQ
IXQ]LRQDPHQWR1HOODWHVL07VLqULOHYDWRXQLQYHVWLPHQWRFROWXUDOHVLJQLILFDWLYDPHQWHSL
EDVVRULVSHWWRDOODWHVL&7FRQXQDPHGLDGLSLDQWHP
LQRJQLFDVRLYDORULLQIHULRUL
UHODWLYLDTXHVWRSDUDPHWURVRQRULVXOWDWLQHOODWHVL17FRQXQDPHGLDGLSLDQWHP

,Q
SHUFHQWXDOHF¶qVWDWDXQDULGX]LRQHGHOO¶HSHUOHULVSHWWLYHWHVL&707H17
ULVSHWWRDOO¶LQYHVWLPHQWRWHRULFRLPSRVWDWR/DGLIIHUHQ]DWUDODWHVL&7H17qGLSLDQWHP

HWUH07H17GLSLDQWHP
SDULULVSHWWLYDPHQWHDULGX]LRQLGHOHGHO/HFDXVH
GHOULGRWWRLQYHVWLPHQWRQHO17VRQRGDULFHUFDUHQHOGLYHUVRDPELHQWHLQFXLYLHQHGHSRVWRLO
VHPHFRQWHUUHQRDPLQRUWHPSHUDWXUDPDJJLRUSHULFRORGLLQVHWWLILWRIDJLHSLJHLHLSRJHL 
3HU TXDQWR FRQFHUQH OH SURGX]LRQL XQLWDULH PHGLH GL JUDQHOOD LO YDORUH PHGLR SL DOWR q
UHJLVWUDWRQHOODWHVL07FRQJSLDQWDVHEEHQHVLDODVWHVVDWHVLFKHKDUHJLVWUDWRLPDJJLRUL
SHULRGLGLVWUHVVFRPHGXUDWDLQWHQVLWjHSURIRQGLWjLQWHUHVVDWH4XHVWRqSHUzFRQWURELODQFLDWR
GDOIDWWRFKHODFROWXUDKDDYXWRXQSLYHORFHVYLOXSSRYHJHWDWLYRLQSDUWLFRODUHQHOOHSULPH
IDVL H LO VXR DSSDUDWR UDGLFDOH VL q DSSURIRQGLWR PDJJLRUPHQWH PDQLIHVWDQGR LQWHQVL 
 
 
 
DVVRUELPHQWL LGULFL DQFKH QHOOR VWUDWR SL SURIRQGR FRQVLGHUDWR$O VHFRQGR SRVWR SHU OH
SURGX]LRQLXQLWDULHPHGLHGLJUDQHOODVLFROORFDODWHVL&7FRQJSLDQWD4XHVWRYDORUH
DQFKH VH OHJJHUPHQWH LQIHULRUH § - ULVSHWWR D TXHOOR GHOOD WHVL 07 QRQ q
VLJQLILFDWLYDPHQWHSLEDVVR6LSXzVXSSRUUHFKHSXULQSUHVHQ]DGLXQDVXRODGLODYRUD]LRQH
FKHKDRVWDFRODWRORVYLOXSSRUDGLFDOHQHOORVWUDWRSLSURIRQGRODFROWXUDKDJHVWLWREHQHOD
ULVRUVDLGULFDUHJLVWUDQGRGXUDWHGHLSHULRGLGLVWUHVVVLPLOLDTXHOOLGHOODWHVL07PDFRQ
LQWHQVLWjLQIHULRUL/DWHVL17LQYHFHKDUHJLVWUDWRSURGX]LRQLXQLWDULHVLJQLILFDWLYDPHQWHSL
EDVVH ULVSHWWR DOOD WHVL SUHFHGHQWL FRQ XQD PHGLD GL  JSLDQWD H ULVSHWWLYDPHQWH -
ULVSHWWRDOODWHVL07H-ULVSHWWRDOODWHVL&74XLQGLDQFKHVHVLVRQRYHULILFDWLVWUHVV
LGULFLLQIHULRULODFROWXUDQRQKDULVSRVWREHQHDTXHVWDPRGDOLWjGLFRQGX]LRQHGHOWHUUHQR
LQGLFHGLTXHVWRQHqVWDWRLOOHQWRVYLOXSSRLQSDUWLFRODUHQHOOHSULPHIDVLLQROWUHGDXQ¶DQDOLVL
YLVLYDOHSLDQWHULVXOWDYDQRDILQHFLFORFRQGLDPHWULGHOIXVWRHDOWH]]HLQIHULRULULVSHWWRDOOH
DOWUHWHVLFDUDWWHULVWLFKHFRQIHUPDWHDQFKHGDSUHFHGHQWLHVSHULHQ]H 
*XDUGDQGRLQILQHDOOHSURGX]LRQLPHGLHWRWDOLOHWHVL&7H07VRQRTXHOOHFKHKDQQRULYHODWR
LPLJOLRULULVXOWDWLFRQULVSHWWLYDPHQWHHWKD/DPDJJLRUSURGX]LRQHGHOODWHVL&7
qGRYXWDDOVXSHULRUHLQYHVWLPHQWRILQDOHFKHYDDFRPSHQVDUHLOOHJJHURGHILFLWSURGXWWLYR
GHOOHVLQJROH SLDQWHYLFHYHUVDSHUODWHVL07 GRYHODPDJJLRUSURGX]LRQHXQLWDULDGHOOH
SLDQWH q FRQWURELODQFLDWD GDO PLQRU LQYHVWLPHQWR FROWXUDOH$ GLVFRVWDUVL PROWR GD TXHVWH
SURGX]LRQLF¶qODWHVL17GRYHOHEDVVHSHUIRUPDQFHSURGXWWLYHGHOOHSLDQWHVRQRDJJUDYDWH
GDOEDVVRLQYHVWLPHQWRFROWXUDOHSUHVHQWH4XLVLVRQRSURGRWWHPHGLDPHQWHWKDFRQXQD
ULGX]LRQHGLHWKDULVSHWWRDOOHWHVL07H&7FKHHTXLYDOJRQRDULVSHWWLYDPHQWH
SHUGLWHGHOH 
 
3URYHGLLQILOWUD]LRQH 
'XUDQWHODVWDJLRQHFROWXUDOHVLVRQRVYROWHSHUFLDVFXQDGHOOHWUHWHVLHSHUOHWUHULSHWL]LRQL
DOO¶LQWHUQRGLHVVHDOFXQHSURYHSHUGHWHUPLQDUHODYHORFLWjGLLQILOWUD]LRQHGHOO¶DFTXDQHO
VXRORXVDQGRXQLQILOWURPHWURDGRSSLRDQHOOR &RQRVFHQGROHTXDQWLWjG
DFTXDYHUVDWHQHO
FLOLQGURLQWHUQRGHOO
LQILOWURPHWURDOWUDVFRUUHUHGHOWHPSRVLVRQRULFRVWUXLWHSHUFLDVFXQD
GHOOHWUHWHVLHSHUWUHULSHWL]LRQLOHFXUYHGHOO
LQILOWUD]LRQHFXPXODWDDHULFDTXDQWLWjG¶DFTXD
DVVRUELWD GDO WHUUHQR HVSUHVVD LQ PP GL FRORQQD G
DFTXD *UDILFL  H  ,QROWUH VL q
HODERUDWRDQFKHLOJUDILFRUHODWLYRDOODYHORFLWjGLLQILOWUD]LRQH*UDILFR 
 
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*UDILFR-,QILOWUD]LRQHFXPXODWDDHULFDULOHYDWDSHUOHWUHULSHWL]LRQLGLFLDVFXQDWHVL
LQGLFDWHULVSHWWLYDPHQWHFRQLQQXPHURGHOODVRQGDGLULIHULPHQWR 
 
 
*UDILFR-,QILOWUD]LRQHFXPXODWDDHULFDPHGLDGHOOHWUHWHVLRJJHWWRGLVWXGLR 
 
 
*UDILFR-9HORFLWjGLLQILOWUD]LRQHPHGLDGHOOHWUHWHVL  
 
 
 
'RSRXQFHUWRSHULRGRGDOO¶LQL]LRGHOODSURYDRVFLOODQWHGDPLQXWLDROWUHRUDODPDJJLRU
TXDQWLWjG¶DFTXDVLqLQILOWUDWDQHLWHUUHQL07FRQXQYDORUHPDVVLPRLQWRUQRDLPP
PHQWUHLYDORULLQIHULRULVLKDQQRQHLWHUUHQL&7FRQPPQRQRVWDQWHVLDWUDVFRUVRSL
WHPSRULVSHWWRDOODWHVL07,QSRVL]LRQHLQWHUPHGLDO¶17FRQPP/DEDVVDLQILOWUD]LRQH
UHJLVWUDWDLQ&7SXzHVVHUHGRYXWDDOODIRUPD]LRQHGHOODVXRODGLODYRUD]LRQHFKHLPSHGLVFHLO
PRYLPHQWRGHOO¶DFTXDGRSRFKHVLqVDWXUDWRORVWUDWRVRSUDVWDQWH,OULWPRGLLQILOWUD]LRQH
VHPEUDDEEDVWDQ]DVWDELOHSHUOHWHVL&7H17DQFKHVHLYDORULVRQRGLYHUVLPHQWUHSHUL
WHUUHQL07O¶DQGDPHQWRGHOODFXUYHVHPEUDHVVHUHXQSR¶DOWDOHQDQWHPDLQRJQLFDVRWHQGH
SRLVWDELOL]]DUVLIRUQHQGRXQYDORUHDSSURVVLPDWLYRPHGLRGLDFTXDLQILOWUDWDLQWRUQRLO
PPKFRQWURLPPKGHOODWHVL17HPPKGHOODWHVL&73HUFKLDULUHPHJOLRTXHVWL
DQGDPHQWL SRVVLDPR JXDUGDUH LO *UDILFR  FKH ULSRUWD OD YHORFLWj GL LQILOWUD]LRQH
JHQHUDOPHQWHJOLLQWHUYDOOLGLWHPSRWUDXQDOHWWXUDHO¶DOWDVRQRSLLQWHQVLQHOODSULPHIDVL
GHOOD SURYD D FDXVD GHOOD PDFURSRURVLWj H PLFURSRURVLWj FKH VL GHYRQR VDWXUDUH
FRPSOHWDPHQWHHGLHYHQWXDOLFUHSDFFLDWXUHFKHVLUHQGRQRUHVSRQVDELOLGLPRWLWXUEROHQWL
GHOO¶DFTXDSUDWLFDPHQWHODYHORFLWjGLLQILOWUD]LRQHWHQGHDULGXUVLFRQLOSDVVDUHGHOWHPSR
ILQRDVWDELOL]]DUVLLQWRUQRDGXQYDORUH3HULOWHUUHQRFRQGRWWRFRQWHFQLFKHFRQYHQ]LRQDOLOD
YHORFLWjULVXOWDEDVVDPDVWDELOHJLjGDOOHSULPHOHWWXUHHLQWRUQRDPP+PLQ3HUODWHVL
17O¶DQGDPHQWRLQ]LDOHqOHJJHUPHQWHSLYHORFH§PP+PLQSHUSRLVWDELOL]]DUVL
GRSRXQ¶RUDVXXQDYHORFLWDGLLQILOWUD]LRQHGLPP+PLQ4XHVWLYDORULRWWHQXWLGDOOD
SDUWH WHUPLQDOH GHOOH FXUYD UDSSUHVHQWDQR OD YHORFLWj GL LQILOWUD]LRQH SHUPDQHQWH FKH
FRUULVSRQGHDOODFRQGXFLELOLWjLGULFDGHOWHUUHQRDVDWXUD]LRQH1HOODWHVL07LSULPLSXQWL
GHOODFXUYDVRQRPROWRUDYYLFLQDWLWUDGLORURLQFLGHGLXQ¶HOHYDWDYHORFLWjGLLQILOWUD]LRQH
IRUVH D FDXVD GL XQ WHUUHQR SL VHFFR H GL TXDOFKH FUHSDFFLDWXUD FKH KD IRUQLWR XQD YLD
SUHIHUHQ]LDOHDOO¶DFTXDLQRJQLFDVRLYDORULVHPEUDQRVWDELOL]]DUVLVXXQDYHORFLWjGL
PP+PLQFKHqODSLHOHYDWDULVSHWWRDOOHWUHWHVLSUHFHGHQWL&RQFOXGHQGRSRVVLDPRGLUH
FKHLOWHUUHQRFRQGRWWRFRQWHFQLFKHFRQYHQ]LRQDOLSUHVHQWDXQDEDVVDFRQGXFLELOLWjLGULFDFKH
SXz SHQDOL]]DUOR LQ FDVR GL SUHFLSLWD]LRQL IUHTXHQWL H DEERQGDQWL FKH SRVVRQR SRUWDUH DO
YHULILFDUVLGLVLWXD]LRQLGLULVWDJQRLQROWUHYLVWRLOSHULRGRGLFROWLYD]LRQHSULPDYHULOH-HVWLYR
VLSRVVRQRIDYRULUHIHQRPHQLGLSHUGLWDG¶DFTXDSHUVFRUULPHQWRVXSHUILFLDOHLQTXDQWR OH
SUHFLSLWD]LRQL PHWHRULFKH HVWLYH VRQR VSHVVR D FDUDWWHUH WHPSRUDOHVFR H FDUDWWHUL]]DWH GD
LQWHQVHTXDQWLWjG¶DFTXDFRQFHQWUDWHLQSRFRWHPSR/DWHVL07qTXHOODFKHSUHVHQWDODSL
DOWDYHORFLWjGLLQILOWUD]LRQHSUREDELOPHQWHJUD]LHDOWLSRGLODYRUD]LRQLFKHJDUDQWLVFRQRXQD
EXRQDFRQQHVVLRQHWUDJOLVWUDWLHO¶DVVHQ]DGLRVWDFROLFKHLPSHGLVFRQRODQDWXUDOHGLVFHVD
GHOO¶DFTXD$QFKHQHOODWHVL17F¶qXQDEXRQDYHORFLWjGLLQILOWUD]LRQHLQIHULRUHULVSHWWRDL 
 
 
 
WHUUHQL 07 PD FRPXQTXH VXSHULRUH ULVSHWWR DL VXROL &7 TXHVWD YHORFLWj SRWUHEEH HVVHUH
DQFKHVXSHULRUHPDO¶HIIHWWRGHOWUDQVLWRGHOOHPDFFKLQHVXOO¶DSSH]]DPHQWRSXzDYHUSRUWDWR
DOODIRUPD]LRQHGLVWUDWLFRPSDWWLFKHRVWDFRODQRODFRQGXFLELOLWjLGULFD 
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Da questi risultati possiamo trarre delle conclusioni in merito ai mezzi utilizzati, agli esiti 
ottenuti e al lavoro svolto.  
Le sonde FDR sono un valido strumento per riconoscere e prevenire gli stress idrici della 
coltura.  I  dati  elaborati  con  il  programma  IRRIMAX,  che  sono  comparabili  con  quelli 
rappresentati nei grafici relativi al contenuto idrico del suolo alle diverse profondità sono però 
abbastanza empirici per la determinazione di momenti di deficienza idrica, in quanto si può 
GLUHFKHDTXHOODSURIRQGLWjVLYHULILFDXQRVWUHVVLGULFRTXDQGRF¶qXQDSSDUDWRUDGLFDOHDWWLYR
in quella zona e la curva relativa al contenuto idrico totale tende ad appiattirsi, ovvero, la 
differenza tra valori assoluti di qualche momento precedente e di un momento successivo 
tendono a zero. In realtà abbiamo visto che lo stress inizia a verificarsi ben prima, per cui, 
DYHQGR OD GLVSRQLELOLWj VL VDUHEEH GRYXWL LQWHUYHQLUH SUHFHGHQWHPHQWH FRQ O¶LUULJD]LRQe.  I 
valori assoluti di umidità rilevati, presi singolarmente, hanno invece poco senso in quanto due 
terreni  possono  trovarsi  alla  Capacità  di  Campo  con  due  contenuti  idrici  completamente 
diversi a seconda della differente tessitura, o a parità di questa, a seconda del contenuto in 
sostanza organica o di come le singole particelle si associano tra di loro per dare origine alla 
struttura di un suolo, nonché dal tipo di lavorazione a cui sono sottoposti. Per completare il 
quadro i valori di umidità rilevati diventano fondamentali per riconoscere e prevenire stress 
idrici qualora siano messi in relazione con le curve di tensione matriciale. Da queste si può 
infatti  individuare  il  livello  di  umidità  corrispondente  a  due  parametri  fondamentali  per 
quanto concerne la disponibilità di acqua nel terreno, cioè la Capacità di Campo e il Punto di 
Avvizzimento.  Una  volta  noti  questi  due  valori  si  può  definire  la  quantità  di  Acqua 
disponibile massimaHLOPRPHQWRLQFXLLQWHUYHQLUHFRQO¶LUULJD]LRQH Il livello minimo di 
Acqua  Disponibile  si  concretizza  nella  pratica  con  il  momento  ottimale  per  eseguire  un 
LQWHUYHQWR LUULJXR 6H O¶LUULJD]LRQH YLHQH HVHJXLWD SULPD VL KD XQ SDU]LDOH DJJUDYLR
ingiustificato dei costi di produzione della coltura, se viene eseguita dopo si induce nella 
SLDQWDXQDVLWXD]LRQHGLVWUHVVWDQWRPDJJLRUHTXDQWRSLYLHQHSRVWLFLSDWDO¶DGDFTXDWDFKH
causerà una riduzione quantitativa e/o qualitativa delle produzioni. 
3HUTXDQWRULJXDUGDODWHFQLFDFROWXUDOHO¶XWLOL]]RGLPHWRGLFKHFRQVHUYDWLYHGRYUHEEHSRUWDUH
D PLJOLRUDUH OD VWUXWWXUD GHO WHUUHQR IDYRUHQGR O¶XPLILFD]LRQH GHOOD VRVWDQ]D RUJDQLFD H
DFFHQWXDQGRODSUHVHQ]DGLDFTXDDOO¶LQWHUQRGHOVXRORULVFXRWHQGRFRVuXQHIIHWWRSRVLWLYR
VXOOH FDUDWWHULVWLFKH GL IHUWLOLWj GHO WHUUHQR , ULVXOWDWL TXL RWWHQXWL VL GLVFRVWDQR GD TXHVWD
DIIHUPD]LRQH LQ TXDQWR OD TXDQWLWj GL $FTXD PDVVLPD GLVSRQLELOH q ULVXOWDWD HVVHUH 
 
 
 
PHGLDPHQWHGHOQHOODWHVL17HGHOQHOODWHVL07FRQWURXQGHOODWHVL&7
$SSDUHTXLQGLXQDGRPLQDQ]DGHOOHWHFQLFKHFRQYHQ]LRQDOLULVSHWWRDTXHOOHFRQVHUYDWLYHSHU
TXDQWRFRQFHUQHLOFRQWHQXWRLGULFRGLVSRQLELOHQHOWHUUHQRDQFKHVHLYDORULPLQLPLGL$GPVL
VRQRUHJLVWUDWLSURSULRQHOODWHVL&7DOODSURIRQGLWjGL-FPPHQWUHQHOOHWHVL07H17
O¶DQGDPHQWRGHOFRQWHQXWRLGULFRGLVSRQLELOHqLQYHUVRFLRqEDVVRQHJOLVWUDWLSLVXSHUILFLDOL
HPDJJLRUHDPDQRDPDQRFKHVLVFHQGHOXQJRLOSURILORGHOWHUUHQR 
I periodi di stress idrico hanno riguardato maggiormente la tesi MT VLDSHULQWHQVLWjYDORUL
DVVROXWL GL SRWHQ]LDOH LGULFR FKH SHU OH SURIRQGLWj LQWHUHVVDWH pur  avendo  approfondito 
maggiormente l'apparato radice e localizzato un assorbimento anche negli strati più profondi; 
VHJXH SRL OD WHVL &7 FRQ WHQVLRQL PLQRUL PD FRPXQTXH EHQ VXIILFLHQWL D GHWHUPLQDUH
VLWXD]LRQL GL VWUHVV PHQWUH OD WHVL 17 DSSDUH VYLOXSSDUVL FRQ XQD GRWD]LRQH LGULFD TXDVL
VHPSUHRWWLPDOH 
3HUTXDQWRFRQFHUQHOHSURGX]LRQLXQLWDULHPHGLHGLJUDQHOODLOYDORUHPHGLRSLDOWRqVWDWR
UHJLVWUDWRQHOODWHVL07DOVHFRQGRSRVWRVLFROORFDODWHVL&7FRQXQYDORUHOHJJHUPHQWH
LQIHULRUHPDQRQVLJQLILFDWLYDPHQWHPHQWUHSHUODWHVL17VLUHJLVWUDQRSURGX]LRQLXQLWDULH
FRQVLGHUHYROPHQWHSLEDVVHULVSHWWRDOODWHVLSUHFHGHQWLHULVSHWWLYDPHQWH-ULVSHWWRDOOD
WHVL07H-ULVSHWWRDOODWHVL&7*XDUGDQGRLQILQHDOOHSURGX]LRQLPHGLHWRWDOLOHWHVL&7
H07VRQRTXHOOHFKHKDQQRULYHODWRLPLJOLRULULVXOWDWLPHQWUHDGLVFRVWDUVLPROWRGDTXHVWH
SURGX]LRQLF¶qODWHVL17GRYHOHEDVVHSHUIRUPDQFHSURGXWWLYHGHOOHSLDQWHVRQRDJJUDYDWH
GDOEDVVRLQYHVWLPHQWRFROWXUDOHSUHVHQWH6HDOPDLVYLHQHGDWDODSRVVLELOLWjGLHVSDQGHUVLLQ
SURIRQGLWj SXzVIUXWWDUHDO PHJOLROHULVHUYHLGULFKHSUHVHQWLHULVHQWLUHPHQRLQ WHUPLQL
SURGXWWLYLGHOODPDQFDQ]DGLDFTXDFRPHqEHQYLVLELOHGDOODWHVL07/HEDVVHSURGX]LRQL
GHOODWHVL17QRQVRQRGRYXWHDSHULRGLGLVWUHVVLGULFRDFRQIHUPDFKHTXHVWDJHVWLRQHq
IDYRUHYROH LQ FOLPL DVFLXWWL PD DG DOWUL IDWWRUL SHU HVHPSLR DOOD GLVSRQLELOLWj D]RWDWD GHO
WHUUHQR ,QIDWWL QHL VXROL FRQGRWWL FRQ WHFQLFKH GL QRQ ODYRUD]LRQH YL q XQ DXPHQWR GHOOD
QHFHVVLWj GL D]RWR FRQVHJXHQWH DOOD PDJJLRUH GHQLWULILFD]LRQH H LPPRELOL]]D]LRQH
GHOO¶HOHPHQWR QXWULWLYR PRWLYR SHU FXL QHO FDOFROR GHJOL DSSRUWL D]RWDWL q FRQVLJOLDWR
DXPHQWDUHODTXDQWLWjQRUPDOPHQWHGLVWULEXLWDDOODVHPLQDGL-NJKD 
3HUTXDQWRULJXDUGDOHSURYHGLLQILOWUD]LRQHODWHVL07qTXHOODFKHSUHVHQWDODSLDOWD
YHORFLWj GL LQILOWUD]LRQH SUREDELOPHQWH JUD]LH DO WLSR GL ODYRUD]LRQL FKH JDUDQWLVFRQR XQD
EXRQD FRQQHVVLRQH WUD JOL VWUDWL VHJXH OD WHVL 17 H SHU XOWLPD OD WHVL &7 GRYH OD EDVVD
FRQGXWWLYLWjLGULFDSXzHVVHUHGRYXWDDOODIRUPD]LRQHGHOODVXRODGLODYRUD]LRQHFKHLPSHGLVFH
LOPRYLPHQWRGHOO¶DFTXDGRSRFKHVLqVDWXUDWRORVWUDWRVRSUDVWDQWH1RQRVWDQWHLOWHUUHQRGHO
QRQODYRUDWRVLDSLGHQVRGHOFRQYHQ]LRQDOHFRQPHQRSRULSHUO¶DULDLOGUHQDJJLRYLHQH 
 
 
 
SHUzFRPSHQVDWRGDOODSUHVHQ]DGLPDFURSRULFKHULGXFRLOSRWHQ]LDOHULVWDJQRHUXVFHOODPHQWR
VXSHUILFLDOHIDYRUHQGRO¶LQILOWUD]LRQHGHOO¶DFTXD 
&RQVLGHUDQGRLQILQHO¶DVSHWWRHFRQRPLFRLQJHQHUDOHOHODYRUD]LRQLFRQVHUYDWLYHSRUWDQRDG
XQPDUFDWRULVSDUPLRSHUODPHVVDLQFROWXUDYDULDELOHWUDLOHLODVHFRQGDVHVL
XWLOL]]DODPLQLPDODYRUD]LRQHRODQRQODYRUD]LRQH&HUD3HUX]]LH6DUWRULFKHSXz
FRPSHQVDUHLPLQRULULVXOWDWLSURGXWWLYL,QTXHVWRFDVROHSHUIRUPDQFHSURGXWWLYHSHUSLDQWD
VRQR FRPSDUDELOL WUD OH WHVL &7 H 07 PD TXHVW¶XOWLPD q VWDWD SHQDOL]]DWD GDO PLQRU
LQYHVWLPHQWRFROWXUDOHqTXLQGLLPSRUWDQWHJDUDQWLUHODSHUIHWWDHPHUJHQ]DHVYLOXSSRGHOOH
SLDQWH D SDUWLUH GDOOD VHPLQD 9LVWL L ULVXOWDWL SURGXWWLYL OD PLQLPD ODYRUD]LRQH ULVXOWD
HFRQRPLFDPHQWH FRQYHQLHQWH PHQWUH OD QRQ ODYRUD]LRQH QRQRVWDQWH XQD ULGX]LRQH SL
DFFHQWXDWDGHLFRVWLQRQDSSDUHUHGGLWL]LDLQTXDQWRVLVRQRDYXWHHFFHVVLYHULGX]LRQLGLUHVD
7DOHDVSHWWRQHJDWLYRGHOODWHFQLFDULPDQHILQFKpLSUH]]LGHOPDLVULPDQJRQRVRVWHQXWL/H
EDVVHUHVHGHOOHWHFQLFKHGLQRQODYRUD]LRQHQRQVHPEUDQRSHUzLPSXWDELOLDXQPDJJLRUH
VWUHVVLGULFRGHOODFROWXUDDQ]LTXHVWDWHFQLFDVHPEUDYDORUL]]DUHODULVRUVDLGULFDSUHVHQWHQHO
WHUUHQRPDDGDOWUHFDXVHWUHFXLODVRWWUD]LRQHGHOO¶D]RWRGDSDUWHGHLUHVLGXLFROWXUDOLSUHVHQWL
LQVXSHUILFLH8OWHULRULSURYHVRQRWXWWRUDLQFRUVRSHUFDSLUHHPLJOLRUDUHLGLIHWWLGLTXHVWD
WHFQLFD SHU SURPXRYHUQH XQD PDJJLRUH GLIIXVLRQH FHUFDQGR GL FRQLXJDUH OD VRVWHQLELOLWj
HFRQRPLFDFRQODVRVWHQLELOLWjDPELHQWDOH 
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-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